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Aim: The aim of this study was to determine the adequacy of the dietary intake of pregnant women 
attending Bishop Lavis MOU, in the Tygerberg area of Cape Town.  
 
Methods: One hundred and fifty-two women between 12 and 20 weeks’ gestational age 
participating in the Main PASS study were recruited. They completed three interviewer-
administered 24-hour dietary recall assessments on three different days, each approximately two 
weeks apart. Dietary reference values for adequate nutritional intake during pregnancy and the 
South African food based dietary guidelines and NARs and MAR were used to assess the 
nutritional adequacy. Anthropometric and socio-demographic information was also collected.  
 
Results: The results indicate that just over a quarter of the sample were classified as teenage 
pregnancies. The majority had between grade eight and ten, and had a monthly household income 
between R500 and R5 000. With a mean energy intake of 10 168.4kJ, majority (79.5%) of the study 
sample did not meet the energy DRI. Close to half (42.8%) of the study sample did not meet the 
DRI for protein intake. All participants met the carbohydrate EAR, and many exceeded the 
recommended fat intake. The intake of sugar and saturated fats exceeded recommendations with 
sugar contributing to almost half of the total energy from carbohydrates. The intakes of vitamin A, 
D and E, pantothenate, biotin, folate, calcium, iron, magnesium, potassium, and manganese fell 
below the recommendations. Sugar was the most commonly consumed food item, followed by 
potato, chicken, milk, and white bread. Apples were the most commonly consumed fruit. When 
compared to the FBDG, the study sample consumed double the recommended portions of starch, 
half the recommended daily fruit and vegetables, and half the recommended legumes. 
 
Conclusion: The high intake of refined carbohydrates, especially sugar, and the high intake of 
foods high in saturated fats needs to be addressed. Micronutrient intake is generally poor, especially 
with nutrients that are vital to proper growth and development of the foetus. Education on 
appropriate dietary changes, as well as suggestions to make implementation of such changes 
affordable would be invaluable, and may contribute towards decreasing the incidence of adverse 
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1.1 Motivation for study 
Maternal mortality remains a major health problem, particularly in the developing world (WHO 
2014; Brabin et al., 2001). The maternal mortality rate in many parts of Africa is as high as 510 per 
100 000 live births, while the rate in South Africa was reported to be 154 per 100 000 live births in 
2013, and 79 per 100 000 in the Western Cape for the same year (Saving mothers, 2014). 
Developed countries have lower maternal mortality rates, for example 18.5 deaths per 100 000 live 
births as reported for the United States (UNICEF, 2014). It has been indicated that the following 
factors may increase risk for maternal mortality: abortion, hypertensive disorders, haemorrhage, 
sepsis, maternal infectious diseases, other maternal diseases, and labour complications (Bomela, 
2015). While malnutrition is not classified as a direct predictor of maternal mortality, it does 
increase the risk for several of the causes. In South Africa, 8% of live births were born preterm, 
compared to the world wide rates of more than 10% (March of Dimes, 2012). Rates of low birth 
weight (LBW) in South Africa were reported at 13.5% (DHIS, 2012) while world rates were around 
14% (UNICEF, 2009). 
 
Various factors lead to poor pregnancy outcome including maternal age at time of pregnancy, 
inadequate prenatal care, lifestyle factors, physical insults to the mother, genetic predispositions to 
various diseases or disorders, and malnutrition either before or during the pregnancy (Wardlaw & 
Kessel, 2002). It is undisputed that adequate nutritional intake during pregnancy is important for 
optimal health outcomes for mother and infant (NHMRC, 2013; Wu et al., 2004). For example, 
insufficient or excessive dietary intake during pregnancy may lead to inadequate weight gain which 
can increase risks for several adverse outcomes including gestational and type II diabetes, 
pregnancy induced hypertension (PIH) and miscarriage (Margerison Zilko et al., 2010; Artal et al., 
2010) in the mother, and small for gestational age (SGA) and LBW in the infant, and asthma and 
obesity in their later life (Mamun et al., 2014; Forno et al., 2014; Ohkawa et al., 2010; Han et al., 
2010). Furthermore, inadequate intake of specific nutrients can cause several complications 
including maternal mortality (WHO, 2011), spontaneous abortions (Kotha & De Souza, 2014) and 
preeclampsia (Erick, 2012) in the mother, and neural tube defects (NTD) (Gallagher, 2012; Shaw et 
al., 2009), poor foetal brain development (Zeisel, 2013) and preterm delivery (Molloy et al., 2008) 
in the infant. A common example includes the inadequate intake of iron or folate that can lead to 
iron deficiency anaemia in the mother or poor growth and development of the foetus; or excessive 
or inadequate weight gain that has numerous effects on the infant and the mother (Thompson & 
Manore, 2005; Erick, 2008; Scholl & Reilly, 2000). 
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No studies on the dietary intake of pregnant women in South Africa from a national representative 
sample have been conducted. Futhermore, a limited number of studies could be traced that 
investigated the dietary intake and nutritional status of pregnant women in smaller, select samples 
in various regions in South Africa (Bopape et al., 2008; Jaffer et al., 2008; Kesa & Oldewage-
Theron, 2005; Mostert et al., 2005; Tshitaudzi, 2003; Klinger, 2004; Mamabolo et al., 2004). These 
studies point out that the dietary intakes of iron, folate, vitamin C and B12, as well as meat and 
vegetable food groups in pregnant women may be inadequate, with possible further concerns of 
inadequate calcium and zinc. The majority of these studies used the RDA as their reference range, 
which has been shown to seriously overestimate the risk of inadequacy of group intakes (Murphy & 
Poos, 2002). It should be noted that four of the studies were done in various areas in Limpopo 
(Bopape et al., 2004; Mostert et al., 2005; Tshitaudzi, 2003; Mamabolo et al., 2004), while only two 
studies were conducted on women in the Western Cape attending the Paarl hospital (Jaffer et al., 
2008), and Hanover Park maternal and obstetrics unit (MOU) (Klinger, 2004). Furthermore, the 
study by Klinger (2004) focussed on the effects of alcohol intake on pregnancy and not specifically 
on dietary intake. Therefore, more data is needed on overall dietary intake of pregnant women in the 
Cape Town area that uses the most recent reference ranges and recommendations. It is important to 
investigate and understand the current dietary intake of a target population in order to develop and 
successfully implement intervention strategies to address identified problem areas. 
 
The Prenatal Alcohol in SIDS and Stillbirth (PASS) study is a multidisciplinary prospective study 
investigating various environmental, genetic, autonomic, neurobehavioral, maternal and placental 
factors associated with foetal and infant mortality related to sudden infant death syndrome (SIDS) 
and stillbirth as well as poor pregnancy outcomes such as foetal alcohol syndrome (FAS). The study 
is overseen by the PASS Network and aims to compare data from pregnant women in the Northern 
Plains area of the United States with pregnant women attending the Bishop Lavis MOU in Cape 
Town, South Africa. Data has been collected in these two regions over the past seven and a half 
years. Further details on this study are elaborated on in other papers (Dukes et al., 2014). As 
nutritional status may influence the association between the above-mentioned variables and 
pregnancy outcome it was deemed important to assess the dietary intake of the pregnant women.  
The PASS study thus provided an excellent opportunity to further explore the dietary intake of a 





1.2 Aims and objectives 
The overarching aim of this research is to investigate the dietary adequacy, variety and 
diversity and associated factors (anthropometry and socio-economic status) in pregnant women 
attending the Bishop Lavis MOU in Cape Town.   
 




To assess and describe the following socio-demographic and anthropometric data for pregnant 
women in the total sample and for adolescent and adult participants:  
The specific objectives that were formulated for Aim 1 include: 
 To assess and describe socio-demographic data including maternal age, years of formal 
education, monthly household income and number of people supported by income; 
 To measure and describe anthropometric data at recruitment including weight, height, Triceps 
skinfold measures (TSF) and mid-upper arm circumference (MUAC); 
 To obtain self-reported pre-pregnancy weight;  
 To calculate the arm fat area (AFA) and corrected arm muscle area (cAMA); 
 To calculate and describe the pre-pregnancy BMI, recruitment BMI and weight change from 
pre-pregnancy to recruitment;  
 To investigate associations between socio-demographic and anthropometric data. 
 To compare the socio-demographic and anthropometric data of adolescent and adult participants 
in the sample. 
 
Aim 2:  
To investigate the adequacy of dietary intake of pregnant women in the total sample as well as for 
adolescent and adult participants using the average of three 24-hour recalls: 
The specific objectives that were formulated for Aim 2 include: 
 To assess and describe the dietary intake of energy, macro- and micronutrients. 
 To compare actual energy intake with current dietary standards for pregnant women e.g. the 
estimated energy requirements (EERs);  
 To compare actual intakes of carbohydrates, proteins, vitamins and minerals with current dietary 
standards for pregnant women e.g. estimated average requirements (EARs) and adequate intakes 
(AIs);   
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 To calculate and describe the macronutrient distribution as a percentage of total energy intake; 
 To compare the macronutrient distribution as a percentage of total energy intake with the 
recommended macronutrient distribution ranges; 
 To compare the intake in number of portions of different food groups with the recommendations 
outlined by the South African Food Based Dietary Guidelines (SAFBDG); 
 To calculate and describe the nutrient adequacy ratio (NAR) of each nutrient consumed and the 
mean adequacy ratio (MAR) of intakes; 
 To compare all above-mentioned dietary intake variables between adolescent and adult 
participants in the study sample; 
 To investigate the association between the different dietary intake variables; 
 To investigate associations between dietary intake variables (energy, macronutrients, 
micronutrients, NAR and MAR) and socio-demographic variables; 
 To investigate associations between dietary intake variables (energy, macronutrients, 
micronutrients, NAR and MAR) and anthropometric variables. 
 
Aim 3:  
To investigate and describe the variety of dietary intake of pregnant women in the total study 
sample and for adolescent and adult participants using the average of three 24-hour recalls. 
The specific objectives that were formulated for Aim 3 include: 
 To compile three different lists of food items with each list consisting of the top 20 most 
commonly consumed food items, fruits, and vegetables respectively; 
 To compile six different lists of food items with each list consisting of the top ten foods 
contributing to intakes of total energy, protein, carbohydrates, fiber, fat and added sugar 
respectively; 
 To calculate and describe the dietary diversity score (DDS). 
 
 
1.3 Outline of thesis 
Chapter two of this thesis contains a review of literature covering various aspects of pregnancy, 
including foetal development and the accompanied nutritional needs, and the assessment of 
nutritional status. Chapter three covers the methods used throughout the sub-study. Chapters four, 
five, and six each include a brief introduction and cover the results and discussion of socio-
demographic and anthropometric findings, dietary adequacy, and dietary variety. These chapters do 
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not expand again on methodologies used. The final chapter summarises these findings, and presents 
possible workable solutions to the imbalances in nutritional intake found by the study. 
 
1.4 Candidate’s contribution 
The thesis candidate was responsible for: 
 Conducting all 480 interviews including three separate 24-hour recalls, and between 
two and three food frequency questionnaires (FFQs) for each participant 
 Arranging all follow-up visits for participants of the sub-study 
 Checking through data captured and exported to Microsoft Excel spreadsheets, and 
highlighting and fixing errors  
 Assisting MRC statistician with running statistical analyses of raw data 
 Running statistical tests and comparisons on analysed data and compiling and 
analysing all tables generated from these assessments 


































This literature review covers various dietary and nutrition related aspect of pregnancy, starting with 
a discussion on the physiological aspects of pregnancy, including metabolism of various nutrients 
and alterations in metabolism that take place, as well as other physiological changes that occur in a 
pregnant woman’s body. The energy and nutrient requirements of pregnant women are then 
discussed, alluding briefly to supplementation use. This is followed by an in-depth critical 
discussion of studies that have investigated dietary intake in pregnant women.  An overview of the 
nutrition related complications during pregnancy and nutrition related pregnancy outcomes are also 
presented. Methodologies for nutrition status assessment and interpretation of dietary intake data 
including dietary adequacy, diversity and variety are also discussed. 
 
2.2 Physiological changes in pregnancy 
2.2.1 Non-metabolic changes in pregnancy  
The physiological changes that occur in the mother during pregnancy (Table 2.1) can be divided 
into two stages with the first being a “maternal anabolic phase” and the second being a “maternal 
catabolic phase”. The anabolic phase is geared towards preparing the mother’s body to be able to 
deliver increased quantities of blood, oxygen and nutrients to the foetus in the second half of 
pregnancy, while the “catabolic phase” is aimed at delivering the energy and nutrients stored in the 
first half of pregnancy to the foetus (Brown, 2008; Lof et al., 2005). These changes are essential for 
preparing the mother for birth and for supporting and protecting the foetus (Carlin & Alfirevic, 
2008). The sequence of events is crucial, with each step being dependent on the successful 
completion of the one before it (Brown, 2008). Poor nutrition at any one point can have severe 
repercussions for the foetus (Christian & Stewart, 2010).   
 
Several hormonal changes take place throughout pregnancy as the mother’s body adapts to the 
growing foetus. The placenta is the major site for production of these hormones (Erick, 2012).  
Increased secretion of progesterone and oestrogen promote insulin production and conversion of 
glucose to glycogen and fat to be stored for use by the mother in the second, more catabolic phase 
of pregnancy, and during breastfeeding (Brown, 2008; Lof et al., 2005). Progesterone also affects 
the muscles of the intestine resulting in increased transit times and increased constipation and 
bloating (Erick, 2012; Prather, 2004) while also being responsible for the decreased efficiency of 
gall bladder emptying (Erick, 2012; Portincasa et al., 2008). The systematic secretion of hormones 
ensures a suitable environment for foetal development by adequately preparing the mother’s body.  
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TABLE 2.1 Summary of key physiological changes that take place in a pregnant woman 
 CHANGE REASON AND/OR EFFECT REFERENCE 
Cardiovascular system 
Cardiac output ↑ by 20-50% ↑, peaking by end of 2nd trimester, ↓ end of 3rd 
trimester 
Liu & Arany, 2014; 
Carlin & Alfirevic, 
2008; Brown, 2008 
Blood and plasma 
volume 
20% and 50% 
expansion 
respectively 
↓ haemoglobin, water-soluble vitamin and serum 
protein concentrations  
↑ fat-soluble vitamins, triglycerides, cholesterol 
and free fatty acid blood concentrations  
Liu & Arany, 2014; 
Erick, 2012; Brown, 
2008 
Heart rate ↑ 15-30% by 3rd 
trimester 
↑ as systemic vascular resistance ↓ with 
peripheral vasodilation 
Liu & Arany, 2014; 
Moertl et al., 2009; 
Carlin & Alfirevic, 
2008 
Blood pressure Diastolic ↓10% in the 
first eight weeks; ↑ in 
3rd trimester 
Secondary to peripheral vasodilation; returns to 
pre-pregnancy levels by term 
Liu & Arany, 2014; 
Brown, 2008; Carlin & 
Alfirevic, 2008; Moertl 




↑ Maternal threshold of PCO2 ↓ in relation to that of 
the foetus (possibly due to ↑ progesterone) which 
creates a more effective transfer of oxygen to the 
foetal blood system 
Erick, 2012 ; Carlin & 
Alfirevic, 2008; Alaily 
& Carrol, 1978; 




↑ 30-50 mL/min 
 Dyspnoea In later pregnancy the growing uterus pushes the 
diaphragm upwards causing dyspnoea 
Carlin & Alfirevic, 




↑ 40-50% by end of 
1st  trimester 
Compensates for ↑ blood volume resulting in ↓ 
serum urea and creatinine levels, and ↑ urinary 
glucose levels (↑ risk of urinary tract infections) 
Carlin & Alfirevic, 
2008; Erick, 2012; 
Brown, 2008 
 Sodium and water 
retention 
Caused by angiotensin II resistance and ↓ renal 
tubular absorption resulting in ↑extracellular 
water volume 
Lindheimer & Barron, 
1998 
Gastrointestinal changes 
 Nausea and vomiting Occurs in 70% and 40% of pregnancies 
respectively in 1st trimester 
Nulman et al., 2009; 
Brown, 2008 
 Reflux and heartburn ↑ uterus size and relaxing of sooth muscles caused 
by ↑ progesterone 
DallAlba et al., 2010; 
Carlin & Alfirevic, 
2008 
 Constipation ↓ gastric motility due to ↑ progesterone levels  Cullen & O’Donoghue, 
2007 
↑ = Increase    ↓ = Decrease 
 
2.2.2 Physiology of foetal development  
Conception and foetal development 
A full term pregnancy lasts between 38 and 42 weeks (or an average of 280 days) and is measured 
from the first day of the last menstrual bleeding (menstrual age) (Brown, 2008). The process of 
foetal growth and development involves hyperplasia (increased cell multiplication), hypertrophy 
(growth of cells) and maturation (stabalisation of cell numbers and sizes) (Brown, 2008). The 
periods of hyperplasia occur mostly in the first two months of pregnancy when the majority of 
organogenesis takes place (Brown, 2008; Moore & Persaud, 1998; Rozovski & Winick, 1979). 
These are the critical periods in which major abnormalities can occur if there are any adverse 
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exposures, including under or over nutrition (Godfrey & Barker, 2000; Moore & Persaud, 1998) 
with possible lifelong implications. Figure 2.1 summarises the critical stages in foetal development. 
 
  Embryo (age in weeks) Foetus (age in weeks) 




Brain and CNS   
Heart     
Ears       
Eyes     
Upper 
limbs     
  
Lower 
limbs     
  
Lungs     
Kidneys     
Musculoskeletal     
Teeth     
Palate       
External genitalia     
Prenatal death Major morphological abnormalities Functional defects and minor morphological abnormalities 
   Critical/ Highly sensitive phase   Less sensitive phase   
 
FIGURE 2.1 Critical stages of development in the foetus (Adapted from Moore & Persaud, 1998)  
 
Throughout foetal development the brain and central nervous system take priority in terms of 
nutrient and oxygen supply, followed by the heart and adrenal glands (Gluckman, 2003). The cells 
of the central nervous system continue to multiply for about two years after birth with a further 
growth spurt during the adolescent growth spurt, making the cells susceptible to damage from poor 
diet into early childhood (Brown, 2008). 
 
Any adverse effects during the hypertrophic period are associated with decreases in organ and tissue 
function. Unlike the consequences of adverse effects during critical periods of hyperplasia, these 
functional changes can be reduced or reversed if proper nutrition is attained (Rozovski & Winick, 
1979). 
 
Healthy foetal growth and weight gain 
The majority of foetal growth occurs in the third trimester during the maternal catabolic phase 
(Brown, 2008; Erick, 2012). In the last three months of pregnancy the foetus should double in 
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length and gain close to three quarters of its own body weight at birth (Erick, 2012). The 
recommended rate of weight gain and growth per trimester are shown in Table 2.2.  
 
TABLE 2.2 Average weight and height of a healthy foetus by trimester (Adapted from Brown, 
2008; Gilbert-Barness & Debich-Spicer, 2005) 
TRIMESTER WEEKS DAYS WEIGHT (kg) LENGTH (cm) 
End of first 0-13 0-93 0.68-1.00 7.60-10.50 
End of second 14-27 94-187 0.91-1.60 26.00-30.00 
End of third 28-40 189-280 3.40-3.50 45.72– 55.88 
 
Foetal composition 
The majority of the weight gained in the foetus can be attributed to fat and proteins (Waters et al., 
2012; Brown, 2008; Ziegler et al., 1976). Fat, vitamin, and mineral deposition in the foetus occurs 
mostly in the last trimester and is associated with maternal weight gain (Ziegler et al., 1976). 
Protein deposition occurs throughout pregnancy while the distinct increase in calcium concentration 
from week 32 to 40 indicates the growing bone mass and density of the foetus which occurs mainly 
in the third trimester (Ziegler et al. 1976). 
 
2.2.3 Recommended weight gain for pregnant women 
Weight gain during pregnancy is an important determinant of infant health and their health status 
later in life (Ehrenthal et al., 2014). Recommended maternal weight gain during pregnancy differs 
depending on pre-conception weight and nutritional status, as well as the number of foetuses carried 
(Table 2.3) (Ehrenthal et al., 2014; IOM, 2009). It is recommended that women be within their 
normal weight range before conception, and that weight loss should not be attempted during 











TABLE 2.3 Recommended weight gain for pregnant women based on pre-conception weight 









<18.5 (Underweight) 0.5 – 2 0.45 – 0.59 12.7 – 18.2 
18.5-24.9 (Normal weight) 0.5 – 2 0.36 – 0.45 11.4 – 15.9 
25.0-29.9 (Overweight) 0.5 – 2 0.23 – 0.32 6.8 – 11.4 
≥30 (Obese) 0.5 – 2 0.18 – 0.27 6.8 – 9 
Twins   15.9– 20.5 
Abbreviations: BMI = Body mass index 
 
The total recommended weight gain during pregnancy is attributable to various components (Table 
2.4). The weight of the foetus comprises the largest component of maternal weight gain, while 
additional fat and protein stores are the second largest contributor. Failure of either of these 
components to increase sufficiently can have serious consequences for both mother and foetus 
(Calvo & Lopez, 2012).  
 




10 weeks 20 weeks 30 weeks 40 weeks 
Foetus 0.005 0.30 1.50 2.50 – 3.90 
Amniotic fluid 0.03 0.35 0.75 0.80 – 1.00 
Placenta and umbilical chord 0.02 0.17 0.43 0.67 – 0.70 
Uterus 0.14 0.32 0.60 0.90 – 1.12 
Blood 0.01 0.06 1.30 1.20 – 1.80 
Extracellular fluids 0.00 0.27 0.80 1.20 – 3.20 
Fat and protein stores 0.32 2.14 3.64 3.40 – 3.50 
Breast tissue 0.05 0.18 0.36 0.45 – 0.50 






2.3 Nutrition and pregnancy 
2.3.1 Daily nutrient requirements before and during pregnancy  
Maternal nutritional requirements of macro- and some micronutrients increase during pregnancy. 
Meeting these requirements is crucial for proper growth and development of the foetus. 
 
2.3.2 Energy, macronutrients and fluids 
The energy and macronutrient dietary reference intakes (DRIs) for pregnant and non-pregnant 
women are summarised in Table 2.5 and discussed in the following sections. 
 












Energy - Adolescents 





±2368 ±2368 ±2708 ±2820 
±2403 ±2403 ±2743 ±2855 
Protein  
              
g RDA 46 71 
g/kg EAR 0.66 0.88 
Carbohydrates 
               
g RDA 130 175 
g EAR 100 135 
Fibre  g AI 25 28 
Fat  – n-6 g AI 12 13 
           n-3 g AI 1.1 1.4 
Total water  L AI 2.7 3.0 
Abbreviations: EER = Estimated Energy Requirements   AI = Adequate Intake   RDA = Recommended Dietary 
Allowance   EAR = Estimated Average Requirements 
Energy expenditure: subtract 7kcal/day for each year of age above 19 
 
Energy 
Energy requirements for the first trimester are the same as for non-pregnant women but increase 
from the second trimester. This increase is attributed to new tissue creation (foetus, placenta, 
amniotic fluid), growth of existing maternal tissue, and extra fat deposition (Williamson, 2006). 
Energy expenditure also rises due to the 15% increase in metabolic rate that is typical of this 
trimester (Erick, 2012). Total energy requirements depend on the mother’s pre-pregnancy BMI, her 




Equations and tables have been compiled to calculate energy requirements during pregnancy 
(Hronek et al., 2009; IOM, 2005). Hronek et al. (2009) adapted the Harris Benedict equation to 
produce the resting energy expenditure during pregnancy (Pregnancy resting energy expenditure (P 
REE), see box below), but this was done only on women with normal pre-pregnancy BMI.  
 
P REE = 346.43943 + 13.9625643 x W + 2.7004163 x H + 6.8263763 x A  
W, weight (kg); H, height (cm); A, age (years) 
 
The equation developed by the Institute of Medicine (2005) is based on the total energy expenditure 
(TEE) as determined by the doubly labelled water (DLW) technique on pregnant women. This 
equation also takes into account activity level and pre-pregnancy BMI as well as median change in 
TEE per trimester to account for increased fat and tissue deposition (Ritchie & King, 2008). Table 
2.6 shows the steps involved in the energy calculation, while Table 2.7 shows pre-calculated 
estimates for women 30 years of age, with pre-pregnancy BMIs of 18.5 and 24.99kg/m2. 
 
TABLE 2.6 Calculating EER for pregnant females (Widen & Siega-Riz, 2010) 
Assess PAL (kcal/day) Sedentary  Low activity  Active  Very active  
Girls 3 – 18 years 1.0 1.16 1.31 1.56 
Women ≥19 years 1.0 1.12 1.27 1.45 
Calculate non-pregnant EER   
9 -18 years 135.3 – (30.8 x age) + PAL x (10 x weight + 934 x height) + 25 
Women ≥19 years 354 – (6.91 x age) + PAL x (9.36 x weight + 726 x height) 
Calculate pregnant EER 1st trimester 2nd trimester 3rd trimester 
 Non-pregnant EER + 0 Non-pregnant EER + 340 Non-pregnant EER + 452 
Age in years, weight in kg, height in m 
Abbreviations: EER = Estimated Energy Requirements   PAL = Physical Activity Level 
 
TABLE 2.7 Pre-calculated EER for pregnant women 30 years or older (Ritchie & King, 2008, 
adapted from IOM 2005) 
 Height m (in) PAL 
EER (kcal/day) 
  Pre-pregnancy BMI = 18.5 kg/m2            Pre-pregnancy BMI = 24.99 kg/m2 
FIRST TRIMESTER 
1.50 (59) Sedentary 1625 1762 
  Low activity 1803 1956 
  Active 2025 2198 
  Very active 2291 2489 
1.65 (65) Sedentary 1816 1982 
  Low activity 2016 2202 
  Active 2267 2477 
  Very active 2567 2807 
1.80 (71) Sedentary 2015 2211 
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 Height m (in) PAL 
EER (kcal/day) 
  Pre-pregnancy BMI = 18.5 kg/m2            Pre-pregnancy BMI = 24.99 kg/m2 
  Low activity 2239 2459 
  Active 2519 2769 
  Very active 2855 3141 
SECOND TRIMESTER 
1.50 (59) Sedentary 1965 2102 
  Low activity 2143 2296 
  Active 2365 2538 
  Very active 2631 2829 
1.65 (65) Sedentary 2156 2322 
  Low activity 2356 2542 
  Active 2607 2817 
  Very active 2907 3147 
1.80 (71) Sedentary 2355 2551 
  Low activity 2579 2799 
  Active 2859 3109 
  Very active 3195 3481 
THIRD TRIMESTER 
1.50 (59) Sedentary 2075 2212 
  Low activity 2253 2406 
  Active 2475 2648 
  Very active 2741 2939 
1.65 (65) Sedentary 2266 2432 
  Low activity 2466 2652 
  Active 2717 2927 
  Very active 3017 3257 
1.80 (71) Sedentary 2465 2661 
  Low activity 2689 2909 
  Active 2969 3219 
  Very active 3305 3591 
Add 7kcal/day for each year below 30 
Abbreviations: EER = Estimated Energy Requirements   PAL = Physical Activity Level   BMI = Body Mass Index 
 
Protein 
Substantial increases in protein requirements during pregnancy result from the increase in new 
tissue and muscle formation in both mother and foetus (Erick, 2008; Brown, 2008). The 
requirements increase as the pregnancy progresses (Williamson, 2006) from 0.66g/kg/day in the 
first trimester to 1.1g/kg/day, or 71g/day, for the second half of pregnancy (Otten et al., 2006; IOM, 
2002). Additional protein is also required for multiple pregnancies (25g/day additional) (Erick, 
2008; IOM, 2005). Current protein recommendations are based on the factorial method whereby 
protein needs are calculated from nitrogen balance data obtained from non-pregnant adults 
(Stephens et al., 2015; Pencharz et al., 2014). Stephens et al. (2015) concludes that these 
requirements are inadequate, and suggested an EAR of 1.22 and 1.52g/kg/day for early and late 
gestation respectively. These authors used the indicator amino oxidation method in healthy pregnant 
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women during either early or late pregnancy to determine protein needs. However, the study sample 
was relatively small (29 healthy women) and the suggestions by Stephens et al. (2015) need to be 
further tested before they can be considered for implementation. When considering protein 
requirements, it needs to be noted that physiological adaptation during pregnancy decreases 
nitrogen excretion and increases the conservation of amino acids (Brown, 2008). 
 
All amino acids that are essential to the mother are also essential to the foetus. Several amino acids 
are neurotransmitters or precursors thereof, and an inadequacy or deficiency of a single amino acid 
can adversely affect the developing brain, and hinder protein synthesis in the foetus (Antonow-
Schlorke et al., 2011; Fugelstad et al, 2008; Morgane et al., 2002). While all nutrients play some 
role in brain maturation, protein seems to be the most critical to development of neurological 
functions including motor and cognitive development (Antonow-Schlorke et al., 2011; Tolsa et al., 
2004; Morgane et al., 2002), with the extent of the impact on behaviour and learning capabilities 
depending on the timing of the deficiency, and the type and severity of the deprivation (Morgane et 
al., 1993). Inadequate maternal protein intake can also affect embryo, foetal and DNA development 
negatively which may lead to insulin resistance and hypertension in later life (Sinclair & Watkins, 
2013), as well a large number of other adverse outcomes (Imdad & Bhuta, 2012b). Inadequate 
protein intake has also been associated with intrauterine growth restriction (IUGR) and LBW 
(Sinclair & Watkins, 2013; Imdad & Bhutta, 2011; Tolsa et al., 2004). 
 
 Carbohydrates 
An increase in carbohydrate intake from 130g to 175g per day is the minimum required to maintain 
blood glucose levels and to prevent ketosis in pregnancy (Erick, 2012; Kaiser & Allen; 2008).  
Ketones pass through the placenta and can cause foetal lactic acidosis and hypoxemia (Parker & 
Conway, 2007) and can lead to neurological impairment and decreased intellect (IQ) in later life 
(Parker & Conway, 2007; Churchill et al., 1969).  
 
Carbohydrate containing food choices should focus on unrefined cereals, legumes and a limited 
amount of sugar and sugar containing items. This will contribute to micronutrient intake and ensure 
an adequate fibre intake that is specifically important during pregnancy and may help aid in 
alleviating constipation caused by the hormonal changes that occur in pregnancy (Rizotto et al., 
2010; Williamson, 2006). Soluble fibre also helps in the control of postprandial blood glucose 
levels by slowing the absorption of nutrients (Rizotto et al., 2010). This can aid in counteracting the 
insulin resistance caused by the increase in human Chorionic Somatotropin (hCS) levels during 
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pregnancy (Brown, 2008). Counteracting insulin resistance is important as high blood glucose 
levels during pregnancy are known to contribute to excessive foetal size (Scholl et al., 2001). 
Consideration of the effect of carbohydrate sources on the blood glucose levels subsequent to 
consumption (the glycaemic index (GI) of a food) may also be helpful in controlling blood glucose 
levels (Louie et al., 2011). 
 
High intake of sugar and sugar containing items may greatly increase the risk for excessive weight 
gain (Temple & Steyn, 2013). A large (121 000 men and women) prospective study done in the 
USA as well as a meta-analysis published in 2012 showed strong associations between weight gain 
and the intake of sugar sweetened beverages (SSBs), as well as the intake of added sugar (Te 
Morenga et al., 2012; Mozaffarian et al., 2011). Another meta-analysis highlights the role of SSBs 
in the aetiology of the metabolic syndrome as well as type 2 diabetes (Malik et al., 2010) 
emphasising the effect of sugar on glucose tolerance (Salas-Salvado et al., 2011), which further 
contributes to excessive weight gain (Mann, 2007). 
 
 Lipids 
There is no evidence that the dietary fat requirements during pregnancy differ from that of non-
pregnant women (Koletzko et al., 2007). According to Brown (2008) any increased requirements 
are met by the changes in fat metabolism that promote fat accumulation. The recommendation of 
20-35% of daily energy requirements for non-pregnant women is thus applicable to pregnant 
women to prevent excessive weight gain, provide essential fatty acids and ensure adequate 
absorption of fat-soluble vitamins (Rizotto et al., 2010). The recommendations for cholesterol 
(<300mg), saturated fatty acids (SFA) (<10%TE) and trans-fatty acids (TFA) (<1% TE) (Smuts & 
Wolmarans, 2013) also remain the same. 
 
The DRIs for omega-3 and omega-6 fatty acids for pregnant women are AIs of 1.4g/day and 
13g/day respectively, with the AIs for non-pregnant women being 1.1g/day and 12g/day 
respectively (FNB of the IOM, 2005). The intake of the essential fatty acids omega-6 linoleic acid 
and omega-3 alpha-linolenic acid is important during pregnancy due to their likely role in the 
prevention of cancer, diabetes, cardiovascular disorders, obesity and steatosis in the adult offspring 
(Mennitti et al., 2015). Furthermore, the intake of omega-3 long-chain polyunsaturated fatty acids 
(LC-PUFA) is important for optimal brain and central nervous system development (Koletzko et al. 
2014; Gould et al., 2013; Campoy et al., 2012; Schuchardt et al., 2010; Kris-Etherton & Innis, 2007; 
Hadders-Algra et al., 2007; Uauy & Dangour, 2006; Hibbeln et al., 2006; McCann & Ames, 2005; 
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Heird & Lapillonne, 2005). A dietary intake of n-3 LC-PUFA that provides at least 200mg/d of 
DHA is recommended during pregnancy (Koletzko et al., 2014), while intakes of up to 1 g/d DHA 
or 2.7g/d n-3 LC-PUFA have been shown to have no significant adverse effects in pregnant women 
(Koletzko et al., 2007). Maternal deficiency of LC-PUFAs increases the risk of impaired cognitive 
and behavioural performance (Innis, 2009). Although not yet conclusive, research has suggested a 
possible association between maternal omega-3 and -6 levels and the development of fat cells in the 
foetus where low maternal stores possibly increase the risk of childhood obesity (Muhlhausler et al., 
2010; Ailhaud et al., 2006). In the mother, intakes of omega-6 linoleic acid and omega-3 alpha-
linolenic acid have also been shown to regulate blood pressure, thrombotic aggregation, and 
inflammatory responses (Smuts & Wolmarans, 2013). The decline in PUFA concentration levels 
during pregnancy has been thought to contribute to the aetiology of depression in pregnancy 
(Horrobin & Bennett, 1999).  The use of omega-3 supplements is discussed in section 2.3.6.  
 
Blood lipid profiles of pregnant women change as pregnancy progresses with substantial increases 
in total cholesterol and triglyceride levels (Brown, 2008). The increased cholesterol supply allows 
for steroid hormonal synthesis by the placenta and nerve and membrane formation by the foetus 
(Butte, 2000).  
 
 Fluids 
Fluid recommendations for a person should take into consideration the body size of the individual 
(Erick, 2008). The AI for pregnant women increases from the 2.7L/d recommended for non-
pregnant women to 3.0L/d for total water (including fluid from foods) and from 2.2L/d to 2.3 L/d 
for drinking fluids (IOM, 2005; Procter & Campbell, 2014). Increased fluid intake is essential for 
the increase in blood volume that takes place, temperature regulation, metabolic processes, 
maintaining the amniotic fluid surrounding the foetus, preventing constipation and urinary tract 
infections (Brown, 2008; Erick, 2008). Inadequate fluid intake increases the risks of premature 
contractions (Stan et al., 2002) and reduced amniotic fluid volume (Margann, 2003). Slight oedema 
in pregnancy generally reflects healthy plasma volume expansion as long as it is not accompanied 
by hypertension (Brown, 2008).  
 
2.3.3 Vitamins  
The requirements for certain vitamins are increased during pregnancy to obtain an optimal 
pregnancy outcome (Erick, 2012; Trumbo et al., 2002). Because some vitamin and mineral 
requirements increase to a much greater extent than the overall energy requirements, especially for 
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the first trimester, the approach to dietary intake should be one of high nutrient density, rather than 
energy density (Cox & Phelan, 2008). Table 2.8 summarises the increases in vitamin requirements 
in pregnant women compared to non-pregnant women. A discussion on the vitamins that are 
important during pregnancy follow in the next sections. 
 
TABLE 2.8 RDAs, AIs, EARs and ULs of Vitamins for non-pregnant and pregnant women 



















































































































Pre-pregnancy (19 – 30 years of age) 
RDA/ AI 700 75 15 15 90* 1.1 1.1 14 1.3 400 2.4 5* 30* 425* 
EAR 500 60 10 12 - 0.9 0.9 11 1.1 320 2.0 - - - 
UL 3000 2000 100 1000 ND ND ND 35 100 1000 ND ND ND 3.5 
During pregnancy (14 – 18 years of age) 
RDA/ AI 750 80 15 15 75* 1.4 1.4 18 1.9 600 2.6 6* 30* 450* 
EAR 530 66 10 12 - 1.2 1.2 14 1.6 520 2.2 - - - 
UL 2800 1800 50 800 ND ND ND 30 80 800 ND ND ND 3000 
During pregnancy (19-30 years of age) 
RDA/ AI 770 85 15 15 90* 1.4 1.4 18 1.9 600 2.6 6* 30* 450* 
EAR 550 70 10 12 - 1.2 1.2 14 1.6 520 2.2 - - - 
UL 3000 2000 100 1000 ND ND ND 35 100 800 ND ND ND 3500 
Abbreviations: AI = Adequate Intake   RDA = Recommended Dietary Allowance   EAR = Estimated Average 
Requirements   UL = Upper Limit    ND = Not determinable 
AIs are marked with an asterisk * 
 
 Vitamin A 
The requirements for vitamin A increase from 700mcg to 770mcg (from ≈2300 to 2500 IU) in 
pregnancy. Amounts exceeding 7 500mcg (25 000IU) per day have been shown to have teratogenic 
effects on the foetus (Gutierrez-Mazariegos et al., 2011; US Teratology Society, 1987). The 
absorption of fat-soluble vitamins depends on a minimum amount of dietary fat and on adequate 




Vitamin A plays a vital role in visual function as well as in growth, reproduction, normal immune 
function modulation and epithelial tissue maintenance. Its function in cell proliferation and 
organogenesis makes it important during pregnancy and early childhood when rapid proliferation 
occurs (Gutierrez-Mazariegos et al., 2011; Azaïs-Braesco & Pascal, 2000). Vitamin A also plays a 
role in immune function, and beta-carotene can act as an anti-oxidant (Gallagher, 2012; Stephenson, 
2001). Foetal and breast milk stores of vitamin A are only accumulated in the third trimester. As a 
result, because vitamin A is also essential for lung maturation, infants born premature are at high 
risk for bronchopulmonary dysplasia due to insufficient vitamin A stores (Gutierrez-Mazariegos et 
al., 2011). Vitamin A deficiency also increases the risk of mortality from common childhood 
infections (Benn et al., 2015; Underwood, 1994). 
 
 
A deficiency of Vitamin A in the mother can cause gestational night-blindness (in the mother), and 
may increase the risk of maternal mortality (WHO, 2011; WHO, 2009). It needs to be noted that 
Vitamin A Deficiency (VAD) in the mother does not necessarily lead to VAD in the infant, as 
preference for vitamin A is given to the foetus (Gutierrez-Mazariegos et al., 2011; Venkatachalam 
et al., 1962). However, where the space between pregnancies is very short, and in the case of 
multiple pregnancies, the risk of VAD in the infant is greater (Gutierrez-Mazariegos et al., 2011). 
VAD in children has been classified by the World Health Organisation as a moderate health 
problem in developing countries and is the leading cause of childhood blindness (WHO, 2009).  
 
 B Vitamins  
Thiamin, riboflavin and niacin act as coenzymes in energy metabolism (Gallagher, 2012; 
Williamson, 2006) and thus their requirements increase towards the third trimester in line with the 
increase in energy requirements (Williamson, 2006). Thiamin is required for carbohydrate and 
energy metabolism and for neural function (Guilland, 2013; Gallagher, 2012). Thiamin deficiency 
in pregnancy may occur as a result of hyperemesis gravidarum, placing the mother at risk of 
Wernicke’s encephalopathy (Saab et al., 2014) and could increase the risk of spontaneous abortion 
(Kotha & De Souza, 2014). Riboflavin is essential in energy production and metabolism through its 
coenzyme role in the production of flavin adenine mononucleotide (FMN) and flavin adenine 
dinucleotide (FAD) (Gallagher 2012), and a deficiency of riboflavin during pregnancy may have 
adverse effects on growth and development (Powers et al., 2011). Niacin is essential for energy 
metabolism and production at a cellular level through its function as a component of nictotinamide 
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adenine dinucleotide (NAD) and nictotinamide adenine dinucleotide phosphate (NADPH) 
(Gallagher, 2012).  
 
The recommendation for vitamin B6 increases from 1.3mg to 1.9mg per day. Extra vitamin B6 is 
required for the increase in production of nonessential amino acids for growth in pregnancy (Erick, 
2012). There is limited evidence that vitamin B6 aids in cases of severe nausea and vomiting 
(Matthews et al., 2010; Gallagher, 2012; Aikins, 1998). 
  
Folate is well known for its role in lowering the risk of NTDs in those who are genetically 
susceptible to this condition (Cox & Phelan, 2008). The RDA for folate increases substantially from 
400mcg to 600mcg per day as a result of the increased needs for DNA synthesis and cell replication 
(placental growth, neural tube development) (Gallagher, 2012; Brown, 2008, Tamura & Picciano, 
2006).  The first 28 days post conception are the most critical as it is within this time period that the 
neural tube forms and closes (Erick, 2012). Without supplementation, the blood folate 
concentrations have been shown to decline rapidly in pregnant women (Tamura & Picciano, 2006). 
Folate deficiency during pregnancy may also lead to anencephaly, low birth weight, preterm birth, 
growth faltering, preeclampsia and macrocytic anaemia in the mother (Erick, 2012; Scholtz et al., 
2010; Brown, 2008; Tamura & Picciano, 2006). Folate depletion caused by short inter-pregnancy 
intervals also increases the risk of IUGR and LBW (van Eijsden et al., 2008). 
 
Vitamin B12 requirements increase slightly during pregnancy from 2.4mcg to 2.6mcg daily. Its role 
in regeneration of the active form of folate aids in decreasing the risk of NTDs (Gallagher, 2012; 
Molloy et al., 2008). Cobalamin is also essential for normal metabolism in cells, and in maintaining 
normal homocysteine levels. During pregnancy it helps prevent macrocytic anaemia (Gallagher, 
2012). A vitamin B12 deficiency may cause recurrent spontaneous abortions, as well as increasing 
the risks of preterm delivery (Molloy et al., 2008). 
 
Pantothenic acid is an integral part of coenzyme-A which plays a critical role in metabolism 
(Gallagher, 2012). Pantothenic acid may also play a role alongside folate in decreasing the risk of 
NTDs (Dawson et al., 2006). Deficiencies of pantothenate are rare as this vitamin is widely 
distributed in foods (Gallagher, 2012). 
 
Biotin is a carboxyl carrier that plays a role in the metabolism of folate, pantothenate, and vitamin 
B12 (Gallagher, 2012; Perry & Caudill, 2012). Cases of symptomatic biotin deficiency are rare 
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because of its widespread availability in food, with deficiencies being reported in only very specific 
cases of chronic ingestion of un-denatured egg whites, in incomplete parenteral nutrition, and with 
inborn errors of metabolism (Mock, 2013; Zempleni, 2012). Biotin deficiency has shown to be 
teratogenic in several animal studies (Mock, 2014). Spontaneous marginal biotin deficiency has 
been observed in cohort studies on pregnant women (Perry & Caudill, 2012; Mock, 2009; Mock et 
al., 1997). This has been found to be highly teratogenic in mice and may have similar impacts on 
human pregnancy (Mock, 2009). Perry et al. (2014) suggest that the current AI of 30ug/day for 
pregnant women may be insufficient, but no studies currently indicate adverse pregnancy outcomes 
related to insufficient biotin intake (Mock, 2014). 
 
 Choline 
Choline requirements increase from 400mg/day and 425mg/day in adolescent and adult participants 
respectively, to 450mg/day during pregnancy. Despite an enhanced ability to synthesise choline 
during pregnancy, it remains an essential nutrient as its synthesis remains insufficient to meet 
requirements (Gallagher, 2012; Zeisel & Da Costa, 2009). During pregnancy, choline is required for 
structural integrity of cell membranes, cell signalling, nerve impulse transmission (Gallagher, 
2012), maternal liver and placental function (Zeisel, 2013). A possible association was reported 
between choline deficiency and risk for NTDs (Shaw et al., 2009), as well as with foetal brain 
development and cognition (Zeisel, 2013).  
 
 Vitamin C 
Vitamin C requirements increase from 75mg to 85mg per day during pregnancy. Vitamin C acts as 
a reducing agent essential for collagen synthesis (Gallagher, 2012) which is important for foetal 
bone development. Vitamin C works as an antioxidant facilitating immune function, and may help 
in preventing preeclampsia and premature membrane ruptures (Erick, 2012; Klemmensen et al., 
2009; Hassan & Onu, 2006). However, Roberts et al., (2010) did not find an association between 
preeclampsia and vitamin C intake. As an antioxidant, it can also help to compensate for the pro-
oxidative effect that pregnancy can have on the mother (Brown, 2008; Casaneuva & Viteri, 2003). 
Vitamin C also assists in iron absorption which is crucial during pregnancy (Gallagher, 2012).  
 
 Vitamin D 
Although the RDA for vitamin D does not increase during pregnancy, adequate intake is essential as 
this plays various essential roles in maintaining maternal calcium balance and aiding in foetal 
skeletal calcification (Gallagher, 2012; Williamson, 2006). Deficiency during pregnancy can cause 
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neonatal hypocalcaemia and has been associated with preeclampsia and recurrent pregnancy loss 
(Achkar et al., 2014; Aghajafari et al., 2013; Erick, 2008; Hypponen, 2005), gestational diabetes 
and Small-for-Gestational-Age (SGA) (Aghajafari et al., 2013). In-utero bone mineral accrual, and 
maternal 25(OH)-vitamin D concentration specifically, may play a substantial role in bone health in 
later life, especially on osteoporosis risk (Curtis et al., 2014; Hart et al., 2014; Zhu et al., 2013). A 
birth cohort study done by Hart et al. (2014) also found maternal vitamin D deficiency to be 
associated with impaired lung development and neuro-cognitive difficulties in children, and an 
increased risk of eating disorders in adolescence. 
 
 Vitamin E 
Vitamin E requirements do not increase during pregnancy, but it plays an important role as a 
lipophilic antioxidant (Gallagher, 2012). Vitamin E deficiency has been speculated to cause 
miscarriage, IUGR and preterm birth (Gagne et al., 2009) and a low vitamin E intake in the second 
trimester has been associated with increased risk of hyperglycaemia and insulin resistance later in 
pregnancy (Ley et al., 2013). However, a Cochrane review indicated that current results regarding 
supplementation with vitamin E during pregnancy are still inconclusive (Rumbold & Crowther, 
2014). 
 
 Vitamin K 
Vitamin K requirements are higher for adolescents than for adults, but these requirements stay the 
same during pregnancy. The role of vitamin K in bone health and coagulation homeostasis makes 
the vitamin vital in pregnancy (Gallagher, 2012). A deficiency of vitamin K during pregnancy has 
been reported in women that presented with hyperemesis gravidarum, Crohn’s disease, and that 
have had bariatric surgery (Brunetti-Pierri et al., 2007). A deficiency may increase the risks of 
haemorrhage in the newborn (Shearer, 2009; Shills, 2006).   
 
2.3.4 Minerals 
As with vitamin requirements, some mineral requirements increase substantially during pregnancy 
to allow for healthy bone growth and for adequate blood volume expansion. The DRIs for minerals 








TABLE 2.9 RDAs, AIs, EARs and ULs of Minerals for non-pregnant and pregnant women (Food 
and Nutrition board of the IOM, 2010; 2006) 
Abbreviations: AI = Adequate Intake   RDA = Recommended Dietary Allowance   EAR = Estimated Average 
Requirements   UL = Upper Limit    ND = Not determinable 
AIs are marked with an asterisk * 
 
 Calcium 
Daily calcium requirements for pregnant adolescents increase from 1 000mg to 1 300mg to meet 
both maternal and foetal skeletal needs (IOM, 2010; Cox & Phelan, 2008). Requirements for adult 
pregnant women do not increase because of the hormonal changes that increase the efficiency of 
calcium absorption and resorption (Erick, 2012; Williamson, 2006). Women with long term calcium 
inadequacy may be at increased risk for bone loss during pregnancy (Hacker et al., 2012). Short 
term deficiencies may also lead to osteoporosis (Gallager, 2012). Miyake et al. (2014) reported that 
depressive symptoms during pregnancy decreased with an increased intake of yoghurt and calcium. 
An association has also been found between calcium deficiency and increased risk for preeclampsia 
(Hofmeyer et al., 2014; Imdad & Bhutta, 2012). Calcium intake in the mother has been positively 





































































































Non-pregnancy (19 – 30 years of age) 
RDA/ AI 1000 25* 900 3* 150 18 310 1.8* 700 55 8 4.7* 1.5* 2.3* 
EAR 800 - 700 - 95 8.1 265 - 580 45 6.8 - - - 
UL 2500 ND 10000 10 1100 45 350 11 4000 400 40 ND 2.3 3.6 
During pregnancy (14 – 18 years of age) 
RDA/ AI 1300 29* 1000 3* 220 27 400 2.0* 1250 60 12 4.7* 1.5* 2.3* 
EAR 1000 - 785 - 160 23 335 - 1055 49 10.5 - - - 
UL 2500 ND 8000 10 900 45 350 9 3500 400 34 ND 2.3 3.6 
During pregnancy (19 – 30 years of age) 
RDA/ AI 1000 30* 1000 3* 220 27 350 2.0* 700 60 11  4.7* 1.5* 2.3* 
EAR 800 - 800 - 160 22 290 - 580 49 9.5 - - - 




Recommendations for iodine increase from 150mg to 220mg per day in both adolescent and adult 
participants. Iodine is an essential trace element required for the production of thyroid hormones in 
humans (Delange, 1994; Laurberg, 2012) that regulate basal metabolic rate, cellular oxidation and 
resting energy expenditure, and are involved in carbohydrate, protein and fat metabolism 
(Sherwood, 2004). Thyroid hormones also play a crucial role in normal brain and nervous system 
development, and are essential for growth. Iodine deficiency during infancy is now accepted as the 
most common preventable cause of brain disorders in children in the world today, including 
impaired cognitive development and mental retardation (Ohara et al., 2004; Black, 2003, Gallagher, 
2012, Roman, 2012). Maternal iodine deficiency during pregnancy decreases foetal iodine 
availability and may irreversibly impair development and increase mortality (Andersson et al., 
2010). The effects range from small neurological changes to impaired learning ability and 
performance in school. Bath et al. (2013) found that children of mothers with even mild iodine 
deficiency during pregnancy had significantly decreased IQ scores, while a meta-analysis of 
Chinese studies by Qian et al. (2005) reported an approximate difference of 10 IQ points between 
moderate to severely iodine-deficient and iodine-sufficient or iodine-supplemented populations.  
 
Iron  
The daily requirements for iron during pregnancy are 27mg for both adolescent and adult 
participants, compared to 18mg for non-pregnant women. This increase in requirements is due to 
the expansion of maternal plasma volume for sustaining foetal growth and nutrient transport. A 
marked increase in iron requirements in the third trimester coincides with foetal storage of iron 
during this time. Approximately 1g of iron needs to be stored throughout pregnancy: 300mg for the 
foetus and placenta, 450mg to increase red blood cell mass, and 250mg that is lost during delivery 
(Scholl, 2011). 
 
Mothers that enter pregnancy with iron deficiency or inadequate iron stores are at risk for 
developing maternal iron deficiency (McArdle et al., 2014; Scholl, 2011) and inadequate weight 
gain (Scholl, 2005). Iron deficiency during pregnancy reduces foetal iron stores into the first year of 
life and is associated with a two-fold increase in the risk for LBW, preterm delivery and stillbirth 
(McArdle et al., 2014; Gallagher, 2012; Scholl, 2011; Allen, 2005; Ronnenberg et al., 2004). 
Maternal iron deficiency increases the infant’s risk of becoming anaemic and has a negative impact 
on infant growth, cognitive and behavioural development (McArdle et al., 2014; Herna´ndez-
Martı´nez et al., 2011; Lozoff et al., 2006; Allen, 2005). Furthermore, it has also been found that 
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excessive maternal weight gain during pregnancy and maternal obesity are also independent risk 
factors for iron deficiency in the newborn (Phillips et al., 2014; Jones & Lozoff, 2014).  
 
Iron deficiency in the third trimester reflects the normal physiological expansion of maternal plasma 
volume (Scholl, 2011; Pena-Rosas & Viteri, 2009; Allen, 2005; Casanueva & Viteri, 2003). High 
haemoglobin levels in late pregnancy (indicating an inadequate blood volume expansion) have been 
shown to increase the risk for preeclampsia, maternal diabetes, low birth weight and preterm 
delivery (Pena-Rosas & Viteri, 2009; Steer et al., 1995).  
 
Iron deficiency anaemia (IDA) has been shown to contribute to maternal morbidity and mortality 
rates by increasing susceptibility to infections (Scholl, 2011; Brabin et al., 2001) because of the role 
of iron in humeral and cellular immunity (Gallagher, 2012). Brabin et al., (2001) showed that 
overall deaths due to anaemia in developed regions was below 1 000 in both age categories (15-29 
years and 30-44 years) while the rates in developing countries was 9 000 in 15-29 year olds and 
7 100 in 30-44 year olds.  
 
 Magnesium 
The requirements for magnesium increase during pregnancy from 310mg/d to 350 mg/day and 
400mg/day for adolescent and adult participants respectively. Magnesium plays an important role in 
neuromuscular transmission (Gallagher, 2012) and blood pressure regulation (Kass et al., 2012; 
Zhang et al., 2012). A deficiency during pregnancy has been associated with preterm labour 
(Rylander, 2014; Hantoushzadeh et al., 2007; Durlach, 2004), hypertension, IUGR and LBW 
(Rylander, 2014; Jain et al., 2010; Cooke & Mimouni, 1997). Magnesium depletion may play a role 
in the aetiology of sudden infant death syndrome by affecting thermoregulation mechanisms 
(Durlach, 2004).  
 
 Phosphorous 
Phosphate requirements increase from 700mg to 1250mg per day during pregnancy. Absorption is 
increased, while excretion is decreased to aid in meeting these requirements (Abrams, 2007). 
Phosphorous is the main component of ATP and also forms the basis of DNA and RNA (Gallagher, 
2008), and is one of the major minerals involved in bone formation (Garza-Gisholt et al., 2012). 
Low levels of phosphorous in pregnancy may be caused by severe vomiting and can be life 
threatening if levels are not restored promptly (Stanga et al., 2008). A significant positive 
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 The RDA for zinc increases during pregnancy from 8mg per day to 11mg for adolescents and 
12mg for adults. Zinc functions as a cofactor in protein synthesis and many other enzymatic 
reactions, including translation of the insulin-like growth factor 2 gene (Gallagher, 2012; Izquierdo-
Alvarez et al., 2007). It thus plays a very important role in normal growth and development of the 
foetus and the production of pregnancy related “tissues” in the mother (Erick, 2012; Izquierdo-
Alvarez et al., 2007). Intestinal zinc absorption is enhanced during pregnancy to help meet 
requirements (King, 2000). Deficiencies of zinc in pregnancy have been associated with preterm 
birth, intrapartum haemorrhage, infections, (Brown, 2008), LBW, congenital defects and abnormal 
foetal brain development (Erick, 2012). The possible role of zinc deficiency in the onset of 
preeclampsia is being investigated (Al-Jameil et al., 2014; Lambe et al. 2014). 
 
 Sodium 
Sodium requirements remain the same during pregnancy, although hormonal changes affect sodium 
metabolism and glomerular filtration thereof (Erick, 2013).  It is an important mineral to monitor 
because of its role in heart health, and specifically in pre-eclampsia and eclampsia (Steffen, 2014; 
Rakova et al., 2014). Excessive sodium intake can lead to eclampsia (Rakova et al., 2014), while 
insufficient intake or excessive loss of sodium (as with NVP or Hyperemesis Gravidarum) can lead 
to electrolyte imbalances and possible hospitalisation for rehydration and nutritional support 
(Matthews et al., 2014; Erick, 2012). Thus, aggressive dietary sodium restriction is unwarranted in 
pregnancy, and intake should remain above 2 g/day (Erick, 2013). 
 
2.3.5 Food portion intake recommendations to meet energy and nutrient 
requirements during pregnancy  
With the exception of protein, requirements of micronutrients increase to a larger extent than that of 
macronutrients. It is thus recommended that the nutrient-density of the diet of a pregnant woman 
should be increased more so than the energy density thereof. Currently there are no general South 
African portion size recommendations for pregnant women. In December 2011 the USDA launched 
a free interactive website, “Super Tracker”, to help the general population to calculate the number 
of portions they require from the different food groups and thus adhere to their personal dietary 
recommendations according to the most recent research (McGuire, 2011; USDA, 2011). Portion 
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recommendations (number per food group) for pregnancy from the “Super Tracker” and from the 
Canada’s Food Guide (2011) are summarised in Table 2.10 below. 
 
TABLE 2.10 Comparison of food portion intake recommendations for non-pregnant (Daily Food 
Guide, 11-50 year olds; ADA 2002) and pregnant women (USDA, 2011; McGuire, 2011) 
FOOD GROUP 
Number of food portions recommended from food groups 
NON-PREGNANT PREGNANT OR LACTATING 
Reference 






5 (3 per week of vegetable 
protein) 
2 – 3  2  
Dairy 2 – 3   3 2 
Whole-grains 7 6 – 11 6 – 7 
Vegetables 3 3 – 5 
7 – 8 
Fruits 2 3 – 5 
Unsaturated fats 3 
5 – 7 tsp 
(25 – 35 mL) 
6 – 9 tsp  
(30 – 45mL) 
*  Canada’s Food Guide uses 75g as an average meat portion as opposed to 30g used by the ADA 
 
In addition to the recommended servings shown in Table 2.8, Canada’s Food Guide allows for an 
extra two to three servings from any group except fats to make up the daily dietary requirements. 
According to the USDA (2011), portion recommendations increase for most food groups (except 
fats) during pregnancy and mostly from the second half of pregnancy when energy requirements 
increase greatly. The USDA “Super Tracker” adjusts requirements and recommendations according 
to the specific gestational period. For example, recommendations for the number of portions of 
fruits and vegetables required increases between the first and second trimester, recommendations 
for grains increases by one portion per trimester, and for proteins increases by a half a portion per 
trimester (USDA, 2011).  
 
2.3.6 Quality based food recommendations  
Following recommended food group guidelines assists an individual in attaining a diet that 
incorporates a variety of foods and possibly covers most macronutrient requirements. Making 
healthy food choices from each food group allows for a wide variety of intake, meeting all macro- 
and micronutrient requirements. With the rising prevalence of obesity and several non-
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communicable diseases (NCDs) across the globe, making healthier food choices is becoming 
increasingly important (Epping-Jordan et al., 2005).  
 
Foods from the meat and meat product group are generally rich in iron, vitamin A and the B 
vitamins (Schonfeldt et al., 2013). Choosing lean prudent portions will add variety and necessary 
nutrients, without adding excessive total fat, SFA and cholesterol (Smuts & Wolmarans, 2013; 
Schonfeldt et al., 2013; Canada’s Food Guide, 2011). It is also recommended to remove the visible 
fats from these products, and to avoid certain preparation methods like frying, deep frying, or 
roasting in excessive fats (Canada’s Food Guide, 2011; Smuts & Wolmarans, 2013). The intake of 
sausages and processed meats should be limited to low sodium varieties (Canada’s Food Guide, 
2011; Smuts & Wolmarans, 2013). At least two 75g portions of fish should be consumed per week 
to contribute to the intakes of omega-3 alpha-linolenic acid (DHA and EPA) (Canada’s Food Guide, 
2011; Mennitti et al., 2015). 
 
While starchy foods should be a part of most meals, the emphasis should be on whole grain, 
unrefined choices (Vorster, 2013). These include whole wheat bread and pasta, brown rice and oats, 
as well as legumes and roots (Canada’s Food Guide, 2011; Vorster, 2013; Venter et al., 2013). 
Beneficial effects accompanying the intake of minimally processed starchy foods include a higher 
intake of micronutrients and dietary fibre (Venter et al., 2013). The intake of sugar, sugar-
sweetened beverages, and other food items high in sugar and fat should be minimal (Canada’s Food 
Guide, 2011; Vorster, 2013). 
 
Fats should be used sparingly, with a preference for vegetable oils, PUFAs and MUFAs. Fried and 
processed foods, as well as other foods high in SFA and industrially produced TFA should be 
avoided (Smuts & Wolmarans, 2013).  
 
Fruits and vegetables are rich in vitamins and minerals and should be eaten every day (Naude, 
2013). Eating whole fruits and vegetables is preferable to having juices, and fruit juices should be 
limited or avoided (Naude, 2013). Shorter cooking times for the majority of vegetables is 
favourable as excessive heat and cooking may result in increased nutrient and fibre loss. Certain 
cooking methods (steaming, microwaving or pressure-cooking) aid in retaining more nutrients in 
the majority of vegetables. Carrots are the biggest exception to this where boiling improves the 
nutrient availability (Bureau et al., 2015; Palermo et al., 2014). Sugar and fat added during or after 
the preparation of vegetables should be limited or avoided. 
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2.3.7 Need for nutrient supplementation during pregnancy 
It is currently recommended that when an adequate and varied diet is being followed, multivitamin 
and mineral supplements are not necessary in pregnancy (Kaiser & Allen, 2002) with the exception 
of folic acid supplementation. However, if dietary intake is inadequate and/or a pregnant 
adolescent/woman has additional needs for one or more reasons, supplementation should be 
considered. Females (adolescent and adult) with poor nutritional status at the onset of pregnancy, 
vegans, females with histories of substance abuse, multiparous pregnancies, closely spaced 
pregnancies or those unable to reach their daily dietary requirements for other reasons, and 
adolescents per se, may benefit from supplementation (Erick, 2012; Wendt et al., 2012; Dewey & 
Cohen, 2007; Kaiser & Allen, 2002). Research shows that the more compromised the nutritional 
status of the woman before and during pregnancy, the greater the benefit of correct supplementation 
will be on pregnancy outcome (Erick, 2012). 
 
 Iron 
Several studies support prophylactic supplementation with 48-60 mg/day iron throughout 
pregnancy because of the high risk of IDA in pregnant women (Ribot et al., 2012; Scholl, 2011; 
Black et al., 2011). The WHO recommends starting with supplementation with 60mg early in the 
pregnancy (WHO 2001, 2007) to prevent maternal IDA, preterm labour and LBW (Scholl, 2011; 
Ribot, 2012; Siega-Riz et al., 2006; Cogswell et al., 2003). Iron supplements have been found to 
result in a number of side-effects such as constipation, nausea and epigastric pain that may reduce 
compliance (Lutsey et al., 2008). Strategies that have been suggested and implemented to address 
compliance problems include weekly taking of supplements instead of daily, fortification of staples 
with iron and food diversification (Habib et al., 2009; UNICEF, 2007). It needs to be noted that iron 
supplements may have been reported to result in negative health outcomes, including increased risk 
for bacterial infections (Fishbane, 1999), increased risk for oxidative stress in the event of high free 
iron levels (Bullen et al., 2005) and possibly increased risk for celiac disease in the child 
(Norwegian Mother and Child cohort study) (Strodal et al., 2014). It is also recommended that iron 
and zinc should not be taken together as iron inhibits zinc absorption (Gallagher, 2012). 
Furthermore, excessive iron intake also inhibits absorption of copper (Gallagher, 2008).  
 
 Zinc 
Zinc supplementation of 25mg dose should be considered if the mother smokes, drinks excessive 
amounts of alcohol, has poor gastrointestinal function or in the case of trauma or acute stress 
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response (King, 2000). Zinc supplementation may decrease prevalence of preterm birth in women 
with low socioeconomic status (Mori et al., 2012).  
  
Calcium and Vitamin D 
Risk of preeclampsia and other hypertensive disorders have been shown to decrease with calcium 
supplementation of between 500mg/day up to 2g/day during pregnancy (Hofmeyer et al., 2014; 
Imdad & Bhutta, 2012; Kumar et al., 2009; Villar & Belizan, 2000). Vitamin D supplementation is 
recommended for women that do not get sufficient sun light (Kaiser & Allen, 2008). Calcium and 
vitamin D supplements may be needed in women that do not consume dairy products due to 
allergies, intolerances or dietary preferences (Kaiser & Allen, 2002). It needs to be borne in mind 
that some studies show that excessive/ unnecessary calcium supplementation may increase the risk 
for cardiovascular disease later in life (Wange et al., 2012; Li et al., 2012).  
 
 Folic acid 
Supplementation with 400ug/d of folic acid preconceptionally through to the twelfth week of 
pregnancy is recommended to reduce the risk of NTDs (Erick, 2012; De-Regil et al., 2010). If the 
child from a previous pregnancy had a neural tube defect, the CDC recommends consulting a doctor 
on the possibility of taking a 4 000ug folate supplement before and during subsequent pregnancies 
(CDC, 2014; Procter & Campbell, 2014). Supplementation in later pregnancy may decrease the risk 
of other birth defects (Butte & King 2005), though this needs further investigation (De-Regil et al., 
2010). Supplementation from four weeks prior to pregnancy to eight weeks post-conception has 
been associated with a reduced risk of language delay (Roth et al., 2011). Some studies have linked 
folate supplementation with a decreased risk of colorectal cancer in the offspring (Sie et al., 2011; 
Kennedy et al., 2011). However, a cohort study of over 66 000 women also found an increase in the 
risk of preterm delivery when folate supplementation was started more than eight weeks prior to 
conception (Sengpiel et al., 2014). It should also be noted that folate supplementation has been 
associated with increased risk of breast (Larsson et al., 2010), colon and overall cancer (Wien et al., 
2012) in the mother and a slight increase in risk of wheezing and lower respiratory tract infections 
in the offspring (Bekkers et al., 2012; Haberg et al., 2009).  
 
 Omega-3 supplementation 
Despite extensive research, evidence to support omega-3 supplementation during pregnancy to 
promote neurodevelopment, visual acuity, and infant growth, is still inconsistent and inconclusive 
(Haggarty, 2014; Campoy et al. 2012). Typical amounts given during the studies ranged from 240 
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to 3 300mg/d of LC-PUFAs, and 200 – 2 200mg/d of DHA (Gould et al., 2013). Some evidence 
suggests that LC-PUFA supplementation decreases the risk of preterm delivery (Koletzko et al., 
2014; Haggarty, 2014) and of respiratory symptoms (Escamilla-Nuñez et al., 2014). Omega-3 
supplements taken during pregnancy have been shown to decrease existing maternal depressive 
disorders (Appleton et al., 2010; Golding et al., 2009; Su et al., 2008). These disorders have been 
shown to increase the risk of LBW and preterm birth (Grote et al., 2010; Hedegaard et al., 1993). At 
this point in time, however, larger studies standardised for genetic factors are needed to provide 
better insights in the need for supplementation, as well as the safety thereof. 
 
 Multiple micronutrient supplementation 
According to West et al. (2014) there is inadequate evidence to recommend multiple micronutrient 
supplementation other than only folic acid and iron supplementation. However, research does show 
that multiple micronutrient supplementation may have a greater beneficial impact on birth weight 
and gestational age when compared with two or less micronutrients, no supplementation, or a 
placebo (Haider & Bhutta, 2012; Kawai et al., 2011; Haider et al., 2011; Fall et al., 2009). Among 
the concerns of multiple micronutrient supplementation during pregnancy is the possible increased 
risk of early infant mortality rates. This was reported in a Nepalese study where women receiving 
multi-micronutrient supplements at RDA levels had a greater risk of perinatal morbidity and 
mortality compared to women receiving only iron-folate supplements (Osrin et al., 2005). Clearly 
further research is essential to clarify the benefits and potential dangers of supplementation of 
multiple nutrients versus single or specific combinations of nutrients during pregnancy. 
 
Within the South African context, the integrated nutritional supplementation/ therapeutic 
programme (NSP/ NTP) was initiated in 1995, focuses specifically on maternal and child health, 
and offered food and/ or micronutrient supplementation to women that met certain criteria 
(Grundlingh et al., 2013). The South African National Food Consumption Programme was also 
initiated to provide nutrients found to be consumed below recommendations. This programme 
entails compulsory fortification of maize and wheat foodstuffs with folic acid, iron, vitamin A, 
thiamine, riboflavin, niacin, pyridoxine and zinc, and was implemented in October 2003 to improve 
the nutritional composition of the average dietary intake of South Africans (UNICEF, 2007). 
Modjadji et al. (2007) reported that this programme had some positive effects on folate status in 





2.3.8 Adequacy of dietary intake in pregnant and non-pregnant women 
Seven studies could be traced that investigated the adequacy of dietary intake of pregnant women in 
various regions of South Africa (Table 2.11). Three additional studies assessing the dietary 
adequacy of non-pregnant South African women of child-bearing age were summarised in Table 
2.12. A critical discussion of all these studies follows after the tables. The quality of the research, 
population demographics, analysis of reference the data used, and the results of dietary assessments 
are covered in this discussion. 
 
Study design  
It is important to consider the study design, population and sample size when comparing the results 
of different studies. Generally, the larger the sample size, the better the quality of observational 
research (Gibson, 2005). The sample sizes used in the studies summarised in Tables 2.11 and 2.12 
range from 15 (Klinger, 2004) to 431 (Kesa & Oldewage-Theron, 2005) in the pregnant women, 
and 80 (Modjadji et al., 2007) to 1015 (Serfontein et al., 2010) in the non-pregnant women.  
 
The sampling methods used directly affect data quality and the extent to which the data can be used 
to describe a general population. All the studies on pregnant women, except for one (Kesa & 
Oldewage-Theron, 2005) used convenience sampling which may not accurately represent the 
overall population. Some studies either implemented supplementation (Mamabolo et al., 2004) or 
fortification (Modjadji et al., 2007) programmes, or stated that the participants were on such 
programmes (Bopape et al., 2008). The effect of these programmes, if properly implemented could 
explain disparities in the nutrient results between studies. Of the studies done on pregnant women, 
three were longitudinal (Bopape et al., 2008; Mostert et al., 2005; Klinger, 2005), three were cross-
sectional (Jaffer et al., 2008; Kesa & Oldewage-Theon, 2005; Mamabolo et al., 2004), and one was 
a case-control study (Tshitaudzi, 2003). Two of the studies done on non-pregnant women were 
cross-sectional (Hattingh et al., 2008; Serfontein et al. 2010) and one was experimental in design 
(Modjadji et al., 2007). 
 
Population demographics 
The demographic profile of participants may impact on data quality, be it the literacy level 
(affecting the quality of the captured data) or the Socio-Economic Status (SES) (affecting actual 
dietary quality and food availability). Four out of the seven studies done on pregnant women 
(Bopape et al., 2008; Kesa & Oldewage-Theron, 2005; Mostert et al. 2005; Tshitauddzi, 2003; 
Mamabolo et al., 2004), and one of the studies on non-pregnant women (Modjadji et al. 2007) were 
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carried out in the Limpopo Province. Two studies, both on pregnant women, were done in the 
Western Cape (Jaffer et al., 2008; Klinger, 2004). Kesa and Oldewage-Theron (2005) conducted 
their study in Gauteng, Hattingh et al. (2008) used a sample from Bloemfontein, and Serfontein et 
al. (2010) used the Northwest Province. In general, all the populations in the studies included in 
Table 2.11 and Table 2.12 fell into poor SES categories, making the data comparable in this regard.  
 
Effect of different ages 
The ages of the pregnant women across the studies in Table 2.11 range from 12 years (Bopape et 
al., 2008) to 40 years (Mostert et al., 2005; Klinger, 2004). All the studies on pregnant women 
included adolescents, with Tshitaudzi’s (2003) sample including only adolescents. Klinger (2004) 
used 18 years as a minimum inclusion criterion, while the other studies included younger 
adolescents. Hattingh et al. (2008) was the only study that included only adults, while Modjadji et 
al. (2007) also used 18 years as a minimum inclusion criterion. Similarly, the age of non-pregnant 
women depicted in Table 2.12 ranged from 15 (Serfontein et al., 2010) to 44 years (Hattingh et al., 
2008; Modjadji et al., 2007). The broad age range covered in these studies results in the need to use 
a range of dietary standards references for interpretation of adequacy of intake, which complicates 
comparisons between studies. 
 
Methodology   
Every method of dietary data collection has advantages and disadvantages (see section 2.6.1 
Overview of dietary intake assessment methods) and may not always yield the same results. Out of 
all ten studies (those on pregnant and non-pregnant women) seven studies used FFQs of varying 
lengths (Bopape et al., 2008; Jaffer et al., 2008; Kesa & Oldewage-Theron, 2005; Tshitaudzi, 2003; 
Klinger, 2004; Hattingh et al., 2008; Serfontein et al., 2010), three studies used repeated 24-hour 
recalls combined with (Bopape et al., 2008; Klinger, 2004) or without (Mostert et al., 2005) FFQs 
and two studies used other recall methods combined with the FFQ (Kesa & Oldewage-Theron, 
2005; Serfontein et al., 2010). Where 24-hour recalls were done, either two (Mostert et al., 2005; 
Bopape et al., 2008) or three (Klinger, 2004) days of recall were collected, rendering these studies 
comparable in this regard. Eight studies used blood and serum samples to assess nutritional status in 
addition to dietary intake assessments (Bopape et al., 2008; Kesa & Oldewage-Theron, 2005; 
Mostert et al., 2005; Tshitaudzi, 2003; Klinger, 2004; Mamabolo et al., 2004; Serfontein et al., 




More specific details of the methodology used that need to be considered are as follows: Kesa and 
Oldewage-Theron (2005) used a QFFQ to gather information on food consumption patterns. A 
single-day ‘food diary’ consisting of a list of iron-rich foods was used to cross-reference with the 
QFFQ. The food-diary method usually requires good participant literacy and higher participant 
burden, but using a list of foods may help to partly overcome these barriers. However, a food list 
could also have impacted on actual food choices and behaviours for the day that the diary was being 
kept. Serfontein et al. (2010) used a 7-day weighed food record against which to validate their 
QFFQ. Not all the studies that used FFQs stated the number of items included in the food list 
(Hattingh et al., 2008; Serfontein et al., 2010).  Jaffer et al. (2008) used a 14-item FFQ and Klinger 
(2004) used a 144 item questionnaire. Bopape et al. (2008) used a FFQ that focussed on the 
assessment of intake of specific nutrients, namely iron, folate and vitamin B12. The length of a FFQ 
may influence the quality and accuracy of data, with longer, more in-depth questionnaires providing 
more detailed and more accurate data (Cade et al., 2002). Modjadji et al. (2007) did not include a 
dietary analysis, but rather used only biochemical data for specific nutrients. 
 
Conclusions drawn regarding the adequacy of the dietary intake of pregnant and non-pregnant 
women based on the data presented in Tables 2.11 and 2.12 needs to be considered bearing in mind 
the differences in and limitations of the dietary intake assessment methodology used. 
 
Analysis and reference data 
It is recommended by the Food and Nutrition Board of the IOM to use EARs when evaluating 
group intake for dietary adequacy (Murphy & Poos, 2002), since the RDA, by definition, is likely to 
seriously overestimate the proportion of the group at risk for inadequacy (Murphy & Poos, 2002).  
 
The majority of the studies summarized in Tables 2.11 and 2.12 used the RDAs as the reference 
points, with the exception of Bopape et al. (2008) and Serfontein et al. (2010) who used the EAR 
cut-point method. Interpretation of RDA was either based on actual % RDA (Kesa & Oldewage-
Theron, 2005; Klinger, 2004) or proportion that consumed <67% RDA (Mostert et al., 2005; 
Tshitaudzi, 2003; Hattingh et al., 2008). Comparison between these studies in terms of adequacy of 
intake should thus be done with care to accommodate the differences in interpretation criteria used. 
 
Dietary Assessment 
A variety of nutrients were assessed and where possible, comparisons are made in the following 
sections, bearing in mind the points made above regarding study design, population demographics 
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and reference data used. A lack of detailed description of the diets analysed in these studies should 
be considered as many foods which are good sources of some of these nutrients are not mentioned. 
Whether maize meal mentioned in the studies has been fortified or not is also not clarified, and this 
would affect the dietary adequacy of the women’s diets and comparison with blood results. 
 
Iron 
Several of the authors reported inadequate dietary iron intake in pregnant women (Bopape et al., 
2008; Kesa & Oldewage-Theron, 2005; Mostert et al., 2005; Tshitaudzi, 2003; Klinger, 2004; and 
Mamabolo et al., 2004) and non-pregnant women (Hattingh et al., 2008). The extent of inadequate 
intake using the <67% of the RDA cut-off was reported to be 36% (Kesa & Oldewage-Theron, 
2005), 49.1% (Hattingh et al., 2008), 50% (Klinger, 2004), 50.9% (Mamabolo et al., 2004), 55% 
(Tshitaudzi, 2003) and 73.9% (Mostert et al., 2005). Using the EAR cut point method, Bopape et al. 
(2008) found 98% of pregnant women to have an inadequate iron intake. In studies done on non-
pregnant women, Hattingh et al. (2008) found that 49.1% of the study population did not meet 67% 
of the iron RDA. However, Modjadji et al. (2007) found that only 7.5% of the non-pregnant women 
included in their study were actually iron deficient (from blood results), compared to the combined 
average of 74% of pregnant women who are at risk for inadequate iron intake as mentioned by 
studies above. As most of the iron intake comes from plant sources (Kesa & Oldewage-Theron, 
2005; Tshitaudzi, 2003) it is important that adequate amounts of vitamin C are consumed to aid the 
absorption of non-haeme iron. 
 
All the reviewed studies (Tables 2.11 and 2.12) illustrate that both pregnant and non-pregnant 
women may be at risk of having or developing iron deficiency as a result of inadequate dietary 
intake. The work by Jaffer et al. (2008), Kesa & Oldewage-Theron (2005) and Mostert et al. (2005) 
on habitual food consumption supports this notion. They found that intakes of foods generally rich 
in iron were not very high. Over and above low intakes, Bopape et al. (2008) also found that the 
intake of phytate-rich foods that reduce the bioavailability of iron in the diet, was very common. 
 
The prevalence of iron deficiency anaemia (IDA) reported in the studies that collected appropriate 
blood samples  was 79.1% (Mamabolo et al., 2004), 57% (Bopape et al., 2008), 50% (Kesa & 
Oldewage-Theron, 2005) and 30% (Tshitaudzi, 2003) of the pregnant women, using the diagnostic 
criteria of an  Hb <11g/dL or <10.5g/dL and/or ferritin levels of  <12µg/L. IDA is clearly a  serious 
concern among pregnant women in the investigated populations and the poor iron intake, as well as 
consumption of  inhibitors of iron absorption, may be important causes of the problem. Bopape et 
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al. (2008) mention that hookworm prevalence, which would cause excessive blood loss and poor 
adherence to iron supplementation programmes, are also important potential causes to consider, 
while the use of injectable contraceptives is a protective factor. 
 
Folate 
The range of inadequate dietary folate intake is wide, with percentage of study samples below the 
RDA being 93% (Bopape et al., 2008) and 100% (Mostert et al., 2005) for adults and 5% 
(Tshitaudzi, 2003) and 100% for adolescents (Bopape et al., 2008). Klinger (2004) reported that 
their sample only consumed 53% of the required RDA. In the non-pregnant women, folate intake 
was found to be insufficient by Hattingh et al. (2008) (56.6% <67% RDA), Serfontein et al. (2010) 
(48%) and Modjadji et al. (2007) (27.6%). On average approximately 53% of the pregnant women 
were at risk of folate deficiency as a result of a folate intake below the RDA; this proportion was on 
average approximately 42% in non-pregnant women and illustrates the possibility that pregnant 
women may have an increased risk for folate deficiency than non-pregnant women. However, it 
must be borne in mind that this risk may be overestimated in both groups as a result of using the % 
RDA for interpretation of adequacy of intake. 
 
Two different tests were used in the studies presented in Tables 2.11 and 2.12 to assess blood folate 
levels, namely Red Cell Folate (RCF) and Serum Folate (SF) levels. SF has been shown to be more 
sensitive to acute changes in serum folate levels and fluctuates with recent changes in folate intake. 
SF values decline rapidly with inadequate folate intake, but would stabalise at around 7nmol/L after 
about 2-3 weeks (Cooper & Lowenstein, 1964). When using RCF to determine folate status, an 
additional test should be done to determine vitamin B12 status as they both present with very 
similar abnormal morphological changes when intakes are deficient (O’Connor, 1994). Green 
(2008) states that RCF is a more reliable indicator of longer term folate status. Folate enters the red 
blood cell in the marrow during the development thereof and is then mostly retained in the cell, 
providing, an indication of folate status over the past 120 days as this is the average red blood cell 
lifespan. RCF tests would thus pick up a long-standing, chronic folate deficiency of between two 
and four months (O’Connor, 1994). A single measure of SF alone cannot distinguish between a 
transient drop in folate intake and a long-standing chronic deficiency (Green, 2008).  
 
Bopape et al. (2008) and Klinger (2004) analysed only SF while Mamabolo et al. (2004) and 
Tshitaudzi (2004) analysed both SF and RCF, making their results more reliable indicators of folate 
status. A further challenge in the comparison of prevalence of actual deficiency between studies is 
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that different cut-offs ranging from 3 to 4.1ng/mL and 140 to 157ng/mL were used for both SF and 
RCF.  Folate deficiencies were found in 9.8% (SF) (Bopape et al., 2008), 5% (SF) and 2.5% (RCF) 
(Tshitaudzi, 2003), and 10.3% (SF) and 4.6% (RCF) (Mamabolo et al., 2004) of the pregnant 
women. The results from both Mamabolo et al., (2004) and Tshitaudzi (2003) show that the values 
derived from the short term (current) indicator of folate levels (SF) were about double the values 
derived from the longer term indicator of folate levels (RBC), possibly reflecting an effect of 
routine supplementation during pregnancy, or an increased dietary intake. However, the dietary 
intake results discussed above do not support the latter possibility. 
 
Assessment of folate levels in non-pregnant women showed that 27.6% (SF) and 26.4% (RCF) of 
the population were folate deficient (Modjadji et al., 2007). The RCF and SF results from Modjadji 
et al. (2007) showed the same discrepancy between current and long-term folate status as found in 
the pregnant women, but the difference was not as significant. 
 
 Vitamin C 
Inadequate vitamin C intake in pregnant women was reported in three of the four studies that 
measured dietary vitamin C. Percentage intakes <67% of the RDA were reported to be 75% for 
adults and 94% for adolescents (Bopape et al., 2008), 73.9% (Mostert et al., 2005) and 25% 
(Tshitaudzi, 2003). In the non-pregnant women, vitamin C intake was found to be deficient by 
Hattingh et al. (2008) (46.2% <67 %RDA) and Serfontein et al. (2010) (52%). As most of the iron 
intake comes from plant sources (Kesa & Oldewage-Theron, 2005; Tshitaudzi, 2003) it is important 
that adequate amounts of vitamin C are consumed to aid the absorption of non-haeme iron. The 
high risk for inadequate vitamin C intake in the females investigated in the studies presented in 
Tables 2.9 and 2.10 may thus increase the risk for iron deficiency and IDA. 
 
 Vitamin B12 
Vitamin B12 intake was reported to be adequate in the majority of studies (Tshitaudzi, 2003; 
Klinger, 2004; Modjadji et al., 2007), while inadequate intakes were reported for 55% of adults and 
66% of adolescents (% <EAR) by Bopape et al. (2008). Serfontein et al. (2010) also reported that 
the mean vitamin B12 intake met only 50% of the EAR in non-pregnant women. These results are 
in line with the findings that milk intake is inadequate among many pregnant women (Jaffer et al., 





 Vitamin A 
Tshitaudzi (2003) and Mostert et al. (2005) reported inadequate vitamin A intakes of 52.5% and 
76.1% (<67% RDA) respectively in pregnant women. This is supported by results from actual food 
group intake indicating a low or inadequate intake of liver, eggs and dark green and yellow 
vegetables (Jaffer et al., 2008; Kesa & Oldewage-Theron, 2005; Tshitaudzi, 2003).  
  
Vitamin B6 
In the three studies on pregnant women that reported on vitamin B6 intake, inadequate intake was 
found in 42.5% (<67% RDA) (Tshitaudzi, 2003) and 97.8% (Mostert et al., 2005). Low intakes of 
meat, whole grains, vegetables and nuts as reported by Jaffer et al. (2008), Mostert et al. (2005) and 
Tshitaudzi (2003) may explain these findings.  
 
 Calcium and Zinc 
Tshitaudzi (2003) and Mostert et al. (2005) found calcium (25% and 89.1%) and zinc (62.5% and 
93.5%) intakes below 67% RDA. This could be explained by low intakes of red meat, poultry, dairy 
products and dark green leafy vegetables reported by Jaffer et al. (2008), Kesa and Oldewage-
Theron (2005) and Mostert et al. (2005).  
 
 Food groups 
Jaffer et al. (2008) and Mostert et al. (2005) reported that the most commonly consumed foods in 
their study samples were starches. Maize was one of the top ten most frequently consumed foods in 
the study by Kesa and Oldewage-Theron (2005), and is mentioned as a staple in the study sample 
by Tshitaudzi (2003). Kesa and Oldewage-Theron (2005) state that milk was the most commonly 
consumed food item, while Jaffer et al. (2008) found milk intake to be inadequate with 55% of the 
pregnant women not consuming milk products daily.  Meat intake was also not regularly consumed, 
and intake was found to be inadequate (Mostert et al., 2005; Jaffer et al., 2008; Bopape et al., 2008; 
Kesa & Oldewage-Theron, 2005). Tshitaudzi (2003) found that plant protein intake was greater 
than animal protein intake in his study population which may increase risk for protein inadequacy if 
protein complementation is not implemented. Vegetable intake was found to be inadequate (Jaffer 
et al., 2008; Mostert et al., 2005), and no vegetable was among the top ten foods reported by Kesa 
and Oldewage-Theron (2005). These authors reported fruit juices (6th) to be among the top ten most 




In conclusion, when compared to the respective reference values, the majority of the studies 
reported concerning levels of inadequate dietary intakes for iron, folate, vitamin A, vitamin C, 
calcium and zinc. Diets were found to be very low in vegetables and especially fruits, with varying 
intakes of meat and dairy products. The fact that dietary intake assessment methodology and 
interpretation criteria for adequacy varied substantially across studies makes it challenging to 
provide an overall picture of the dietary adequacy of pregnant and non-pregnant women. Bearing 
these limitations in mind, conclusions of the critical review of the information provided in Tables 
2.11 and 2.12 are that the dietary intakes of iron, folate, vitamin C and B12, as well as meat and 
vegetable food groups in pregnant women and intakes of folate and vitamin B12 in non-pregnant 
women may be inadequate. Further research is clearly needed to better assess the dietary adequacy 






TABLE 2.11 Studies on the adequacy of dietary intake in pregnant women in South Africa 
REFERENCE AIM AND LOCATION 





METHOD RESULTS CONCLUSION 
Bopape et al. 
(2008) 
Determine iron, 
folate and vitamin 















12-21 years age 
 38% 12-18 years 
 62% 19-21 years 
5% 1st trimester 
34% 2nd trimester 
61% 3rd trimester 
 
Mostly rural areas  
 
 
Two 24-hour recalls (1 
weekday, 1 Sunday, 2 
or 4 weeks apart)  
One FFQ (containing 
folate, iron,  VB12 and 
C, phytate and tannin-
rich foods)  
Food models and 
household measures  
 
Blood samples: SF, 
ferritin, VB12 and FBC  
24-hr recalls: Intake <67% EAR [<67% RDA] classified as deficient:  
<18 years:  iron 100% [100%],  folate 100% [100%],  VB12 66% 
[66%],  Vitamin C 87% [94%]  
19-21 years:  iron 96% [96%],  folate 93% [98%],  VB12 50% [55%],  
Vitamin C 66% [75%] 
 
FFQ: Poor intake of iron, folate and vitamin C 
29% and 39% reported weekly red meat and chicken intake,  
High intakes of phytate-rich foods (bread, maize meal and indigenous 
vegetables) 
 
Biochemical: 36% anaemic, 57% IDA, 9% folate deficiency anaemia, 
7% vitamin B12 deficiency anaemia 
Majority of 
participants are 
anaemic, with poor 
dietary intake of 
folate, vitamin C and 
iron, and high intake 
of phytate-rich foods. 
This could explain 
high prevalence of 
anaemia. Nutritional 
education could be 
beneficial especially 
during a critical 
period such as 
pregnancy.   
Jaffer et al. 
(2008) 
Assessing dietary 
intake of pregnant 
women at Paarl 
Hospital in West 
Coast/ Winelands 





Cases  n=198 (birth 
weight ≤2500g)  
Non-matched controls  
n=202 (birth weight 
>2500g) 
Case [Controls] age 
16.2% [13.4%] ≤19yr 
68.7% [76.2%] 20-34yr 
15.2% [10.4%] ≥35 yr 
 
Postpartum (within 24 
hours) women  
 
Low SES farm workers 
14-item non-quantified 
FFQ recording previous 
month’s intake 
Results for case and controls respectively: Starches biggest intake 
group in case and control, inadequate vegetable (3 and 4 times per 
week), fruit (11.7 and 12.4 times per week) and milk product intake 
(55% case and 52% control did not consume milk products daily). 
Meat group (4 times per week for case and control), legumes (2 per 
week for case and control), sugar (8 and 10 times per week), and fats 
adequate. Sugar, maize and yellow/ orange vegetables consumed in 
significantly greater amounts in control mothers 
Women with greater 
variety in intake seem 
to have decreased risk 
of LBW birth (though 
not statistically 
significant in this 
report). Maternal 








intake of pregnant 
and lactating 
women 







 pregnant n=315 
 lactating n=116) 
16-35 years age 
 
Monthly household 





All stages of pregnancy 
Validated QFFQ with 
food models, cross-
referenced with 1-day 
food diary (included a 
list of foods with very 
high iron content)  
 
Fasting blood: FBC, 
transferrin and ferritin 
10 items consumed most frequently in descending order:  
fresh milk; tea; coffee; cold drinks; maize meal; fruit juice; bread; 
magou; rice and sugar.  
 
Mean daily intakes: 8425.71 ± 2279 kJ (75% RDA), 73.18 ± 23 g 
protein (103% RDA), 62.29 ± 23.7 g fat (200% AMDR), 292.45 ± 






based foods; animal 
foods were scarce 
except for milk. Most 
of the items consumed 
were low in iron. 
≈80% of pregnant 
women have BMI 
>25kg/m2 
Mostert et al. 
(2005) 
Determine dietary 
intake of pregnant 
(and lactating) 
women  visiting 
Dikgale primary 
health-care clinic 







n=46 with follow-up 
at 6 months  
13 - 40 years age 
 
Severely poor rural area  
 
Average BMI 24kg/m2  
 
Second trimester 
Two 24-hour recalls (1 
weekday, 1 weekend 
day) Food models and 
measuring cups used 
 
Blood samples: from 20 
consenting participants; 
retinal and α-tocopherol 
Diets consisted mainly of maize, brown bread, sweetened beverages 
(cold drink and tea), and small amounts of vegetables and chicken.  
 
Percentage of pregnant women with dietary intake <67% RDA: 
protein 23.9%, energy 26.1%, dietary fibre 43.5% , calcium 89.1%, 
iron 73.9%, zinc 93.5%, niacin 52.2%, folate 100%, and vitamins A 
76.1%, C 73.9%, E 69.6%, and B6 97.8%  
Pregnant and lactating 
women had diets low 
in energy and 
micronutrients 
as reflected by high 
prevalence of 




Abbreviations: SF = serum folate   RCF = Red Cell Folate   VB12 = Vitamin B12   FBC = Full Blood Count   FFQ = Food Frequency Questionnaire   QFFQ = Quantified Food Frequency 
Questionnaire   GGT = gamma-glutamyl transferase   Hb = Haemoglobin   IDA = Iron Deficiency Anaemia   LBW = Low birth weight   BMI = Body Mass Index   EAR = Estimated average 
requirement   AMDR = Acceptable Macronutrient Distribution Range   SES = Socio-economic Status 
REFERENCE AIM AND LOCATION 










emphasis on iron 
and folate, and its 
relationship with 
pregnancy 
outcome and the 




antenatal clinic in 
the Limpopo 
Province  






from schools in the 
area n=40 
14-19 years age 
 
Rural with primarily 
low SES 
Pre-tested QFFQ 
covering the previous 
six months  
Standard household 
measures, empty 
containers, and actual 
food items used.  
 
Blood samples: during 
and after pregnancy in 
case participants; one 
sample from controls.  
FBC, haematocrit, 
serum iron 
concentration, SF, RCF, 
serum ferritin, serum 
transferrin, transferrin 
saturation, vitamin B12. 
 
Maize meal a staple food, mostly unfortified. Daily plant protein 
intake (38.1g) > animal proteins (22.6g); protein intake lower in 
pregnant teenagers.   
Mean intakes of pregnant teenagers (%RDA): Energy 9123kJ (81%), 
total protein 60.9g (86%), total fat 48.4g (172%), carbohydrates 
344.7g (197%), fibre 25.6g (91%), Ca 346.6mg (35%), Fe 10.4mg 
(39%), Mg 375.7mg (107%), Ph 1002.3mg (143%), Se 9.5g (16%), 
Zn 7.7mg (70%), I 16.4mg (74%), Vit A 720 RE (94%), B1 0.8mg 
(57%), B2 0.8mg (57%), B3 12.3mg (68%), B6 1.2mg (63%), Folate 
215.5µg (36%), B12 4.4mg (170%), C 99.9mg (118%), D 4.1mg 
(82%), E 9.5mg (63%) 
 
Percentages <67% RDA: Energy 5%, total protein 2.5%, Ca 25%, Fe 
55%, Se 65%, Zn 62.5%, Vit A 52.5%, B6 42.5%, Folate 5%, VB12 
15%, Vit C 25%.  
 
% Pregnant population below cut-offs: SF 5%, RCF 2.5%, serum B12 
10%, serum ferritin 30%, serum iron 22.5%, Hb 72.5%, serum 
transferrin 0%, Haematocrit 57.5%, MCV 22.5%, MCH 42.5%, 
MCHC 65% 
45% of pregnant cases iron deficient, 30% IDA 
Growth demands of 
pregnancy have 
detrimental effect on 
iron and folate status 
of teenagers. 
Teenagers could 























Matched case (heavy 
drinkers) n=15 and 
controls (light or non-
drinkers) n=15 
18-40 years age  
 




Two FFQs covering 1st 
and 2nd halves of 
pregnancy respectively  
Three 24-hour recalls 
(one weekend day not 
always included) 
covering the second 
half of pregnancy  
 
Blood samples: FBC, 
plasma vitamin A, SF 
and zinc 
Mean intakes for participants (case and controls combined) (% 
RDA): Folate (53%), iron (50%), iodine (27%), vitamin E (87%), 
calcium (86%), and vitamin K (82%); CHO (200%), fat (290%), 
vitamin A (150%), vitamin C (199%), riboflavin (140%), vitamin 
B12 (212%), phosphorous (200%), magnesium (172%) 
 
Though good 
nutritional status did 
have a few 
statistically significant 
effects on pregnancy, 
it did not always 
protect offspring 
against teratogenic 





iron and folate 
supplementation 
in antenatal 








25.67 ± 7.02 years age 
 
3rd trimester pregnant 
women  
 
Average BMI 27kg/m2 
Fasting serum and 
plasma samples: FBC, 
ferritin, VB12, SF and 
RCF 
 
Iron depletion (50.9%) diagnosed with ferritin 12- 20 μg/ml 
(moderate iron depletion) (24.5%), <12 μg/ml (severe iron depletion) 
(26.4%). IDA: low Hb and severe iron depletion (79.1%). Vitamin 
B12: <145 pg/ml deficiency (16.4%), SF and RCF <3 ng/ml (10.3%) 
and <157 ng/ml (4.6%) respectively indicated folate deficiency.  








TABLE 2.12 Studies on adequacy of dietary intake in non-pregnant women of child-bearing age in South Africa 









intake of black women 
from four settlements 
(formal and informal) 








 n=496  
25 to 44 years age 
 
Pre-menopausal black 
women aged  
QFFQ using household measuring cups, 
spoons, empty labelled food containers and 
real snack foods  
Carried out by five trained fieldworkers  
 
Less than 67% RDA: total iron (>49.1%), 
selenium (50%), folate (>56%), vitamin C 
(>46%) and iodine (>94.6%).  
Below AI: median calcium and vitamin D 
intakes;  
Exceeded AI: median chromium intake  
Exceeded RDA: potassium, manganese, 
copper, magnesium, zinc and phosphorous 
Generally adequate intake, 
attention should be given to 
those nutrients below 67% 






dilution by alcohol in 
diets of adult population 
in nutrition transition 
from 37 randomly 
selected rural and urban 




based study  
 
n=1015 women  
 
Mean BMI = 
27kg/m2 
15 years and older  
 
1757 total subjects 
aged  
QFFQ validated against 7-day weighed 
food record  
 
Alcohol consumption was divided into 
three levels of intake (non, light and heavy) 
 
Blood samples: GGT.  
 
 
Mean vitamin intakes below EAR (%EAR): B5 
3.5g (70%), B12 1g (42%), C 38.9g (52%), D 
4.5g (90%), E 10.2g (68%), biotin 21.7g 
(72%), VB12 1ug (50%), folate 193.2g (48%), 
calcium (AI) 409.8g (32%), magnesium 290.3g 
(94%), zinc 8.0g (89%) and fibre 16.4g (64%).  
Mean macronutrient intakes: protein 57.7g 
(126%), fat 54.3g (174%), CHO 296.0g 
(228%), energy 8005kJ (71%).  
Respondents who can buy 
alcoholic drinks can 




Assess effect of 
fortification of staple 
foods on folate and iron 
status of women of 
childbearing age living 
in Dikgale DSS in the 
Limpopo province. 
Prospective 
cohort study  
 
n=80 women 





Poor rural, low SES  
Blood samples taken before and 9 months 
after food fortification: FBC, serum ferritin, 
VB12 and SF and RCF.  
 
27.6% had low SF, 26.4% low RCF, 6.3% were 
VB12 deficient, 7.5% iron deficient 
Folate deficiency greatly 
improved with food 
fortification, but iron status 
did not improve 
Abbreviations: SF = serum folate   RCF = Red Cell Folate   VB12 = Vitamin B12   FBC = Full Blood Count   FFQ = Food Frequency Questionnaire   QFFQ = Quantified Food Frequency 
Questionnaire   GGT = gamma-glutamyl transferase   Hb = Haemoglobin   IDA = Iron Deficiency Anaemia   BMI = Body Mass Index   EAR = Estimated average requirement   AMDR = 





2.4 Nutrition-related complications in pregnancy 
2.4.1 Unhealthy weight and weight gain 
Pre-conception BMI 
Maternal pre-conception obesity increases the risk of preterm and very preterm birth (<32 
weeks), cardiac defects, NTD, macrosomia (Calvo & Lopez, 2012; McDonald et al., 2010; 
Artal et al., 2010; Callaway et al., 2009; Frederick et al., 2008; ACOG, 2005), childhood 
asthma (Forno et al., 2014), and autism (Moss & Chugani, 2014) in the infant. Being 
overweight or obese before pregnancy also increases the mother’s risk of pregnancy-induced 
hypertension (PIH), gestational diabetes and increased risk of caesarean sections (Tanaka et 
al., 2014; Calvo & Lopez, 2012; Guelinckx et al., 2008; Sebire et al., 2001; Durnwald et al., 
2004). It is thus concerning that obesity prevalence in South Africa is on the increase. 
According to the 2003 South Africa Demographic and Health Survey (SADHS), 27.5% of 
South African women are overweight, and 27.4% are classified as obese. The recent 
SANHANES found 25% of women to be overweight, and 40.1% to be obese (Shisana et al., 
2013). 
 
A low pre-pregnancy BMI has been associated with significantly lower foetal birth weight 
and height as compared to those born to mothers with BMIs in the normal range before 
pregnancy (Jeric et al., 2012; Calvo & Lopez, 2012). Pre-pregnancy underweight has also 
been associated with preterm birth (Hoellen et al., 2014; Han et al., 2011; Khashan & Kenny, 
2009), increased risk of spontaneous abortions (Helgstrand & Andersen 2005), placental 
abruption (Deutsch et al., 2010), and autism (Moss & Chugani, 2014). The prevalence of 
underweight has been reported as 6.2% in the 2003 SADHS (SADHS, 2007) and 4.0% in 
2012 (Shisana et al., 2013). 
 
In light of these complications it is therefore recommended that women be at their optimal 
weight before becoming pregnant to avoid an increase in pregnancy complications and 
adverse outcomes for the child (Moss & Chugani, 2014; Tanaka et al., 2014; Calvo & Lopez, 
2012; IOM, 2009).  
 
Insufficient weight gain during pregnancy 
Inadequate maternal weight gain during pregnancy increases the risk of preterm birth, LBW, 
SGA (Han et al., 2010; Margerison Zilko et al., 2010; Ricci et al., 2010; Wolfe et al., 1991), 
and infant mortality (Davis et al., 2014). For women who were normal weight pre-pregnancy, 
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the risk of having a SGA infant is doubled if maternal weight gain during the second 
trimester is below 0.25kg per week (Carmichael & Abrams, 1997).  
 
Under-nutrition during pregnancy, which has been associated with inadequate weight gain, is 
associated with a lower Insulin-like growth factor-1 (IGF-1) concentration. IGF-1 plays an 
essential role in placental and foetal growth by promoting foetal nutrient uptake and 
inhibiting foetal tissue breakdown. Therefore, lower levels of IGF-1 may cause SGA and low 
birth weight as a result of depleted foetal muscle and skeletal mass (Iniguez et al., 2006; 
Ohkawa et al., 2010). Under nutrition during pregnancy may also result in foetal 
programming for chronic disease in later life (see section 2.5.3 Foetal programming) 
 
Excessive weight gain during pregnancy 
Excessive weight gain (>0.7kg/week in third trimester) during pregnancy could lead to a 
large-for-gestational-age (LGA) baby.  Infants born LGA are at greater risk of being 
overweight at age three and beyond (Mamun et al., 2014; Crozier et al., 2010; Olson et al., 
2009; Moreira et al., 2007), and of developing childhood asthma (Forno et al., 2014). An 
LGA birth also increases the risk of labour difficulties (Mamun et al., 2010). For the mother, 
excessive weight gain can cause an increase in weight retention after delivery and increases 
maternal risk of type II diabetes (Margerison Zilko et al., 2010; Mamun et al., 2010; Olson et 
al., 2009; IOM, 2009). Obesity during pregnancy increases the risk of gestational diabetes, 
PIH, need for caesarean section, late-pregnancy (>42 weeks gestation) and miscarriage (Artal 
et al., 2010; Mamun et al., 2010; Callaway et al., 2009; ACOG, 2005). 
 
2.4.2 Dieting 
Cohen & Kim (2009) reported that 8.1% of pregnant women in the USA try to lose weight 
during pregnancy. These women were characterised with being obese, consuming excessive 
amounts of alcohol, Hispanic ethnicity and being older between 35 and 44 years.  
 
Weight loss during pregnancy has been associated with an increased risk of infant mortality 
(Davis et al., 2014), LBW, NTDs, preterm birth, and diabetes in later life (NICE, 2010; 
Johnson et al., 2006; Stocker et al., 2005; Dewey & McCrory, 2004; Carmichael et al., 2003; 
Mann & Truswell, 2002; Anderson, 2001). Weight loss is typically associated with low 
energy and micronutrient intake (Carmichael et al., 2003), which in itself can be harmful to 
pregnancy outcomes. Total fasting and carbohydrate restriction, which fad diets often 
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promote, cause the production and release of ketones via lipolysis. The ketones pass through 
the placenta and are readily taken up and metabolised by the foetal brain and adversely 
affects foetal neuro-cognitive development (Sibai & Viteri, 2014; Erick, 2012; NICE, 2010).  
 
Rather than losing weight during pregnancy, it is recommended that overweight or obese 
women should gain less weight during pregnancy compared to women that are at their ideal 
weight, or underweight at the time of conception (see Table 2.5) (IOM, 2009). 
 
2.4.3 Nausea and vomiting 
Nausea and vomiting of Pregnancy (NVP) affects 50 - 90% of pregnant women and is 
thought to be caused by the secretion of the hormones hCG and thyroxin (Matthews et al., 
2014; Ding et al., 2013; Nulman et al., 2009). The onset is usually within four weeks after the 
first missed menstrual cycle and dissipates by 17 weeks. However, 5 – 10% of women may 
experience NVP throughout their entire pregnancy (Erick, 2012; Niebyl, 2010). NVP can 
cause aversion to certain foods (Furneaux et al., 2001; Crystal et al., 1999) and under 
nutrition due to increased losses and decreased intake (Robinson et al., 2004; Broussard & 
Richter 1998). One to two percent of women experience the most severe form of NVP 
namely Hyperemesis Gravidarum. This condition is characterised by excessive vomiting in 
early pregnancy and causes dehydration, decreased dietary intake, electrolyte imbalance, 
ketonuria and inadequate weight gain. Hospitalisation is usually required for rehydration and 
nutritional support (Matthews et al., 2014; Erick, 2012; Tan et al., 2007). 
 
Along with medications that can be taken in severe cases of NVP some dietary adjustments 
may help to lessen the symptoms. Having small frequent meals and consuming liquids 20 
minutes after eating (as opposed to with meals) may help reduce nausea. Cold fluids may also 
be better tolerated. Multivitamins containing iron may exacerbate nausea (Einarson et al., 
2007). Vitamin B6 supplementation has shown varying and inconclusive results of 
effectiveness against nausea (Matthews et al., 2014; Thaver et al., 2006; Shrim et al., 2006). 




Heartburn is common during pregnancy affecting up to 80% of women (DallAlba et al., 
2010; Dowswell & Neilson, 2008). During the first and second trimester heartburn is usually 
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the result of hormones (mostly progesterone) which relaxes the oesophageal sphincter and 
decreases gastric motility. During the second half of pregnancy the pressure of the enlarged 
uterus on the stomach and intestines may cause acid reflux and heartburn (White, 2014; 
Vazquez, 2010; Dowswell & Neilson, 2008).  
 
While heartburn in itself is not threatening to the pregnancy it may be distressing to the 
mother (Quartarone, 2013; Gill et al., 2009). Eating smaller and more frequent meals and 
avoiding trigger foods may help to reduce heartburn (Erick, 2012), as might raising the head 
of the bed or sleeping on a wedge (White, 2014). Decreasing the intake of fatty acids in the 
third trimester may aid in decreasing the symptoms of heartburn (Dall’Alba et al., 2010) with 
the aim of maintaining the recommended level of intake. The effects of antacid use during 
pregnancy has not been researched thoroughly enough and these products should thus be 
taken with care (Dowswell & Neilson, 2008).  
 
2.4.5 Pica 
Pica refers to the “craving and purposive consumption of substances that the consumer does 
not define as food” (Young et al., 2010). Studies on pica in pregnancy indicate higher 
prevalence in Africa compared to Europe and the United States (Young et al., 2010) and 
greater frequencies among urban and rural African women (38.3% and 44.0% respectively) 
compared to Indian, Coloured and White women (22%, 4.4% and 1.6% respectively) (Walker 
et al, 1985).  
 
Food cravings and aversions during pregnancy are probably caused by fluctuating hormone 
levels or other physiological changes that affect taste and smell (Erick, 2012; Brown, 2008). 
Hypotheses suggest that pica may result from vitamin and mineral deficiencies, especially 
that of iron (Miao et al., 2014; Simpson et al., 2000). However, research is inconclusive as to 
whether pica causes iron deficiency, or if iron deficiency increases the risk for pica eating 
behaviours (Lumish et al., 2014; Miao et al., 2014; Young et al., 2010; Simpson et al., 2000; 
Geissler et al., 1998). Generally, cravings and aversions are not detrimental to the mother or 
foetus. However, in the case of pica where non-food items are consumed, there may be a risk 
of inadequate nutrition if the craved food offers no nutritional value, interferes with 
absorption of nutrients, causes intestinal blockage or causes excessive weight gain (as occurs 





The prevalence of constipation during pregnancy ranges from 9% to 39% (Bradley et al., 
2007). The Rome III criteria define constipation as stool frequency less than three times in a 
week, with hard stools or difficulty on evacuation (Drossman & Dumitrascu, 2006). 
Constipation may be caused or exacerbated by dietary changes, insufficient fibre and fluid 
intake, decreased physical activity and by the physiological effects of pregnancy hormones 
on gastrointestinal motility (White, 2014; Bradley et al., 2007; Cullen & O’Donoghue, 2007; 
Williamson, 2006). Certain antiemetic medications and iron supplements may worsen the 
symptoms (Erick, 2012; Williamson, 2006). Physical examination and detailed history should 
be done to rule out the possibility of more severe gastrointestinal pathologies (Cullen & 
O’Donoghue, 2007). Various medications are available to alleviate constipation (White, 
2014) but care must be taken to avoid teratogenicity. Deferring treatment until after 
pregnancy is recommended unless if the cause of the constipation is IBD (Mahadevana & 
Kaneb, 2006). Both constipation and pregnancy may also increase the risk for haemorrhoids 
and haemorrhagic haemorrhoids (Hibberts & Schizas, 2010). 
 
2.4.7 Gestational diabetes mellitus 
Gestational diabetes mellitus (GDM) is defined as glucose intolerance diagnosed during the 
second or third trimester that is not overt diabetes (Roglic & Colagiuri, 2014; WHO, 2013). 
GDM is now regarded as a condition other than diabetes in pregnancy (hyperglycaemia 
diagnosed in the first trimester), because of the growing diabetes epidemic (Roglic & 
Colagiuri, 2014; WHO, 2013). A South African study conducted in Limpopo found that 8.8% 
of pregnant women are affected by gestational impaired glucose tolerance (7.3%) and GDM 
(1.5%) (Mamabolo et al., 2007).  
 
Uncontrolled GDM can cause preeclampsia, caesarean delivery, LGA infants and consequent 
preterm birth and birthing trauma (Ngai et al., 2015; Landon et al., 2009). Both the foetus and 
mother may be at increased risk for developing cardiovascular disease and type II diabetes 
mellitus later on (Bellamy et al., 2009; Williamson, 2006). Blood glucose levels need to be 
strictly controlled to prevent any adverse effects to the mother or foetus, and this can be 
accomplished through proper diet and medication where necessary (Landon et al., 2009). 





2.4.8 Pregnancy induced hypertension 
Pregnancy induced hypertension (PIH) incorporates a group of blood pressure disorders 
originating in pregnancy and include pre-eclampsia, eclampsia and gestational hypertension. 
The major difference between these is the lack of oedema and proteinuria in gestational 
hypertension, which is present in pre-eclampsia and eclampsia (Nawaz et al., 2014; Watanabe 
et al., 2013; Erick, 2012; Sahu et al., 2009).  
 
Five to 11% of all pregnancies are complicated by hypertension (Villar et al., 2004). The 
South African Saving Mothers Report of 2005-2007 reported 622 maternal deaths due to 
hypertensive disorders (National Committee on Confidential Enquiries, 2009).  Globally up 
to 40 000 maternal deaths are caused by hypertension (Moodley, 2011; Villar et al., 2004) 
making up 12-20% of all cases of maternal mortality (Judith et al., 2003).  
 
Although not fully understood, according to current consensus, PIH is believed to be caused 
by insufficient placental flow (Heimrath et al., 2014). Certain factors may increase the risk of 
PIH, including low levels of vitamin D, high pregnancy weight gain and environmental 
exposure to lead (Yazbeck et al., 2009; Getahun et al., 2007). Multiple foetuses, diabetes, 
chronic hypertension, being of African American descent, and advanced maternal age have 
also been associated with an increased risk of preeclampsia (Getahun et al., 2007; Ananth & 
Basso, 2010).  
 
Treatment of PIH depends on the severity of the hypertension, and controversy exists around 
which drug is the best to use (Magee et al., 2010). Magnesium sulfate has been used to 
prevent eclamptic seizures and to treat preeclampsia and eclampsia (Euser & Cipolla, 2009; 
Erick, 2008). Moderate restrictions of sodium intake, as well as an increase in the intake of 
calcium and magnesium rich foods (e.g. milk, soybean products, leafy vegetables and cheese) 
may reduce the risk of PIH (Indumati et al., 2011; Hofmeyer et al., 2010). 
 
2.4.9 Maternal age 
Pregnancy in adolescence  
The 2003 South Africa Demographic and Health Survey (SADHS) reports that during the 
study period, 27% of women younger than 19 years of age gave birth. Like pregnancy, 
adolescence is a period of rapid development and tissue and bone growth leading to increased 
nutritional requirements (Williamson, 2006). Furthermore, adolescents in general follow diets 
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that are micronutrient-poor (Northstone et al., 2013) and lacking especially in folate, iron, 
calcium and vitamin D (Erick, 2012; Moran, 2007). Adolescent pregnancies are more likely 
to result in preterm delivery, LBW and SGA (Calvo & Lopez, 2012; Baker et al., 2009; Chen 
et al., 2007). Regular prenatal care, adequate dietary guidance, and avoidance of alcohol can 
help decrease the risks of these adverse effects (Erick, 2012). 
 
Pregnancy in older women 
Of all the babies born in South Africa between 1998 and 2003, approximately 15% were born 
to mothers over the age of 35 (SADHS, 2003). Older women (≥35 years of age) may be at 
increased risk for hypertension, miscarriage, ectopic pregnancy (Mills & Lavendar, 2010; 
Yogev et al., 2010; Huang et al., 2008), still birth, pre-term delivery, caesarean delivery 
(Laopaiboon et al., 2014; Flenady et al., 2011; Aliyu et al., 2008; Delbaere et al., 2007; 
Joseph et al., 2005), macrosomia (Kenny et al., 2013), and LBW (Aliyu et al., 2008; Joseph et 
al., 2005). Advanced maternal age is also strongly linked with chromosomal birth defects, 
including trisomies 13, 18, and 21 (Gill et al., 2012; Hagen et al., 2011; Cocchi et al. 2010; 
Loane et al., 2009). 
 
2.4.10 Vegetarianism 
Vegan and vegetarian diets exclude foods from animal origins, but to varying degrees. 
Vegetarian diets can be either lacto-ovo- (allowing milk and eggs but no other foods derived 
from animals) or ovo-vegetarian (including eggs but no milk or other foods derived from 
animals), while a vegan diet excludes all foods derived from animals (Craig & Mangels, 
2009). According to the American Dietetic Association position statement of 2009, Lacto-
ovo vegetarians following a well-balanced and varied diet have no additional nutritional 
concerns compared to their non-vegetarian counterparts. Vegetarian (lacto-ovo and vegan) 
diets have also been associated with a lowered risk of cardiovascular disease, some forms of 
cancer, type 2 diabetes and hypertension (Roman et al., 2014; Craig, 2010; Craig & Mangels, 
2009; Mangels, 2008). Following a vegetarian diet during the first trimester has also been 
shown to decrease the risk of excessive weight gain (Craig, 2010; Stuebe et al., 2009). 
 
However, vegetarian diets may be low in bioavailable iron and are likely to be deficient in 
vitamin D, vitamin B12, calcium, zinc, omega-3 fatty acids, and riboflavin because of the 
exclusion of meat, fish and other animal products, especially vegan diets. These nutrients 
may need to be supplemented, especially during pregnancy (Craig, 2010; Penney & Miller, 
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2008; Mangel, 2008; Williamson, 2006; Hronek & Kudlácková, 2005), and especially in 
women adhering to vegan diets (Koletzko et al., 2012). Supplementation with iron is 
recommended in these women (Craig, 2010; Cox, 2008) because of their increased risk of 
developing iron deficiency anaemia (Hronek & Kudlácková, 2005; Hercberg et al., 2001), as 
is fatty acid supplementation to counter the lack of oily fish intake (Craig, 2010; Cox, 2008).  
 
A vitamin B12 deficiency during pregnancy can cause neurological impairment and growth 
failure in the infant (Bhate, 2012; Veena et al., 2010; Brown, 2008; Hronek & Kudlácková, 
2005). Hronek & Kudlácková (2005) also confirmed an increased risk of abortion, 
hypoproteinaemia and oedema in the infant born to vegetarian mothers. Some (Hronek & 
Kudlácková, 2005, Sander, 1994), but not all studies show that vegetarian and vegan diets 
lead to LBW deliveries (Roman et al., 2014; Drake et al., 1998; Lakin et al., 1998). 
 
Individual assessment and counselling is crucial in pregnant women following vegetarian and 
vegan diets to ensure adequate nutritional intake (Roman et al., 2014; Koletzko et al., 2012; 
Penney & Miller, 2008; Cox, 2008; ADA, 2003; Sanders, 1994).  
 
2.4.11 Caffeine consumption 
Caffeine acts as a central nervous system stimulant and can reach the foetal brain by crossing 
through the placenta and foetal blood-brain barrier (Greenwoode et al., 2014; Mose et al., 
2008). A high intake of caffeine has been associated with LBW (Vlanjinac et al., 1997), 
miscarriage (Greenwood et al., 2014; 2010; Weng et al., 2008; Wen et al., 2001) and 
behavioural problems (Bekkhus et al., 2010) by some, but not by others (Loomans et al., 
2012; Clausson et al., 2002; Santos et al., 1998). 
 
Although studies on the effect of caffeine on the foetus are inconclusive and contradictory, 
current recommendations are to consume no more than 300mg of caffeine a day (Greenwood 
et al., 2014; ADA, 2008; COT, 2001). Table 2.13 shows the average estimated caffeine 
content in various foods and drinks. Variation amongst different brands can be extensive and 
checking labels is thus very important (Greenwood et al., 2014; Williamson, 2006). It is also 
important to bear in mind that various drugs and over-the-counter medicines may also contain 




TABLE 2.13 Caffeine content of commonly consumed foods and drinks (Williamson, 2006; 
COT, 2001) 
ITEM SERVING SIZE CAFFEINE CONTENT (mg) 
Instant coffee 190mL  ± 75 
Brewed coffee 190mL ± 100-115 
Decaffeinated coffee 190mL ± 4 
Tea 190mL ± 50 
Green tea 190mL ± 24 
Drinking chocolate 200mL 1.1 – 8.2  
Energy drinks with added caffeine 250mL 28 – 87 
Cola  330mL 11 – 70 
Chocolate 50g 5.5 – 35.5 
 
2.5 Nutrition related pregnancy outcomes 
2.5.1 Infant birth weight  
Infant birth weight may impact on the risk for various complications or diseases in later life 
(Anderson, 2008). Premature, SGA (birth weight <10th percentile), LBW (<2500g), very low 
birth weight (VLBW) (<1500g) and extremely low birth weight (ELBW) (<100g) infants 
have greater morbidity and mortality rates than those born at full term, and at appropriate 
birth weights (Pulver et al., 2009; Khashu et al., 2009; Anderson, 2008; Rosenberg, 2008).  It 
has been shown that normal weight infants have better mental development and an overall 
better health status with a lower risk of developing heart disease, diabetes, lung disease, end-
stage renal disease and hypertension in later life (Christian et al., 2014; Conen et al., 2010; 
Evansen et al., 2009; Aarnoudse-Moens et al., 2009; Vikse et al., 2008; Whincup et al., 2008; 
Eichenwald & Stark, 2008; Rich-Edwards et al., 2005).  
 
Most infants born SGA have experienced some form of intra-uterine growth restriction 
(IUGR) where suboptimal uterine conditions or poor nutrition during critical stages of 
development cause prioritisation of nutrients to vital organs rather than to growth (Cianfarani 
et al., 2012; Cetin & Alvino, 2009; Rosenberg, 2008; Hales & Barker, 2001). IUGR 
manifests symmetrically with both head circumference and length below the 10th percentile, 
or asymmetrical with length and head circumference between the 10th and 90th percentiles 
(Anderson, 2012; Cox & Marton, 2009). Symmetrical IUGR indicates early and chronic 
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intrauterine deficits and can also be referred to as ‘impaired growth potential’ because all 
organs are equally adversely affected (Cox & Marton, 2009). Symmetrical IUGR is generally 
associated with a greater risk for later growth and developmental problems (Anderson, 2012). 
Asymmetrical IUGR can be viewed as ‘impaired foetal nutrition’ and is often caused by some 
pathology of the placenta (Cox & Marton, 2009). IUGR infants are at increased risk for 
perinatal asphyxia and chronic lung disease, hypocalcaemia, hypoglycaemia, hypothermia, 
heart disease, NAFDL, type 2 Diabetes, obesity and hypertension (Crume et al., 2014; 
Anderson, 2012; Cianfarani et al., 2012; Cetin & Alvino, 2009; Brown, 2008; Rosenberg, 
2008). 
 
Large for gestational age (birth weight >90th percentile) (LGA) is associated with pre-
pregnancy obesity, uncontrolled maternal diabetes and excessive maternal weight gain during 
pregnancy (Jansson et al., 2006; Ehrenberg et al., 2003; Lampl & Jeanty, 2002; Kramer et al., 
2002). Several studies show that infants born LGA are at an increased risk for becoming 
overweight or obese adults (Mehta et al., 2011; Lawlor et al., 2006; Whitaker, 2004; Catalano 
et al., 2003; Martorell et al., 2001). Furthermore, the risk of asphyxia and shoulder dystocia 
during birth is also increased in LGA infants (Zhang et al., 2008; Jones, 2001). Although the 
rates of emergencies in labour with LGA infants are greater (Heslehurst et al., 2008; Jansson 
et al., 2006), their risk of illness, infant death rate and general health problems are lower than 
their SGA counterparts (Brown, 2008). 
 
2.5.2 Perinatal mortality  
Perinatal mortality refers to the number of infant deaths occurring between 28 weeks 
gestation and four weeks postpartum (Erick, 2012). Nutritional status of women before or 
during pregnancy may influence perinatal mortality. Risk factors for perinatal mortality 
relating to nutritional status include LBW and especially VLBW (Carlo et al., 2010; Hoyert et 
al., 2006). However, this association follows an inverted J-shaped curve; mortality decreases 
with increasing birth weight up to a point, after which the slope reverses and mortality rate 
increases with increasing birth weight (Graafmans et al., 2002; Wilcox, 2001). A high or low 
maternal pre-pregnancy BMI, inappropriate weight gain during pregnancy, development of 
gestational diabetes (Gallagher, 2008; Erick, 2012), multiple deliveries, premature births and 
teenage pregnancies also contribute to perinatal mortality (MacDorman & Kirmeyer, 2009; 




Other non-nutrition-related risk factors for perinatal mortality include necrotising 
enterocolistis (NEC), cerebral palsy (CP), respiratory distress syndrome (RDS), 
intraventricular haemorrhage (IVH), developmental delays and learning disorders (including 
attention deficit hyperactivity disorder (ADHD)) (Gallagher, 2008; Erick, 2008). 
 
2.5.3 Foetal programming 
Foetal programming refers to any insult or stimulus that affects some aspect of foetal 
development during a sensitive or critical period (Langley-Evans, 2014; Barker, 2002). The 
intrauterine environment, including availability of energy and nutrients during foetal 
development, may program and permanently alter the structure and functionality of cells and 
genes, and thus the metabolism of the body (Barker & Thornburg, 2013; Drake & Walker, 
2004; Fleming et al., 2004). Physiologically, maternal under nutrition causes a decreased 
blood supply to the placenta, which impairs placental development and disrupts the flow of 
nutrients from mother to foetus (Hanson et al., 2011; Erick, 2008; Lederman, 1985). 
Inadequate nourishment during pregnancy affects the foetus proportionately more than the 
mother as her requirements will be met before those of the placenta and foetus respectively 
(Brown, 2008). 
 
Children born to mothers that were affected by famine during their pregnancy suffered 
adverse effects from the dietary restriction (Erick, 2012; Barker 2006; Hulshoff et al., 2000). 
For instance, the offspring of women exposed to the Dutch Famine during the first trimester 
of their pregnancy had stunted foetal brain development (Bale et al., 2010; Roseboom et al., 
2006). Furthermore, increased risk of spontaneous abortion, stillbirths, congenital defects, 
LBW and SGA births was found (Erick, 2012; Langley-Evans, 2014).  
 
Foetal programming may influence the development of chronic diseases later in life as 
reported by studies conducted in developed (Langley-Evans, 2014; Barker & Thornburg, 
2013; Roseboom et al., 2006; Kaiser & Allen, 2002; Barker, 1990) and developing (Victoria 
et al., 2008) countries. It has been shown that individuals that were born with a LBW have a 
greater tendency to increased stores of abdominal fat, greater risk for developing 
hypertension, glucose intolerance (and associated DM), increased risk of CVD, DM, 
hypertension, hypercholesterolemia and hypertriglyceridaemia (Langley-Evans, 2014; 
Victoria et al., 2008; Symonds et al., 2007; Barker, 2006; McMillen & Robinson, 2005; 
Kajantie et al., 2005; Syddall et al., 2005).  
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2.5.4 Effects of alcohol consumption during pregnancy  
Alcohol is metabolised in the liver by two pathways. When consumed in moderate amounts 
and/ or only occasionally, it is metabolised by Alcohol dehydrogenase (ADH) to 
acetaldehyde in the liver with the transfer of hydrogen to NAD. Acetaldehyde is then 
converted to acetate by aldehyde dehydrogenase and released into the blood. Acetate is 
broken down to acetyl CoA in the muscle tissue and stored as fat or used in the TCA cycle 
(Hasse & Matarese, 2012; Gallagher, 2012; Edenberg, 2007; Shankar et al., 2007; Lieber, 
2003). Thiamine and niacin are needed for the proper functioning of ADH. Excessive alcohol 
intake or insufficient NAD activates the Microsomal Ethanol Oxidising System (MEOS) 
which also converts alcohol to acetaldehyde in the liver (Gallagher, 2012; Lieber, 2003). The 
acetaldehyde product of both these alcohol-metabolising systems can itself be toxic and lead 
to liver cirrhosis (Gallagher, 2008; Edenberg, 2007; Lieber, 2003).  
 
Numerous studies have shown that alcohol consumption during pregnancy results in adverse 
effects for both mother and foetus. It is generally known that alcohol consumption during 
pregnancy may be teratogenic as it easily crosses the placenta and accumulates in the foetal 
blood stream (Kodituwakku & Kodituwakku, 2013; May et al., 2013; Warren et al., 2004; 
Warren & Hewitt, 2009). Because the foetal organs are not yet fully developed, the liver is 
not able to metabolise alcohol (Smith et al., 2014; Gallagher, 2012). The series of adverse 
effects that can occur in infants born to mothers that consumed alcohol during pregnancy are 
encompassed in the term Foetal Alcohol Spectrum Disorder (FASD) (May et al., 2013; 
Manning & Hoyme, 2007; Riley & McGee, 2005). Foetal alcohol syndrome is the most 
severe form of FASD and is the result of chronic consumption of high doses of alcohol 
(Kodituwakku, 2009; Bertrand et al., 2004). South Africa has the highest prevalence of FAS 
and FASD in the world, with the Western Cape (rates between 40.5 and 89.2 per 1,000 
children) (May et al., 2013b; May et al., 2007; Viljoen et al., 2005; May et al., 2000) and the 
Northern Cape Province (rates between 119.4 and 74.7 per 1,000 children) (Urban et al., 
2008) being specifically afflicted. The prevalence of FAS in the USA is estimated at 0.2 to 
1.5 cases per 1,000 (CDC, 1993). 
 
Occasional social or binge drinking also increases the risk of spontaneous abortions, preterm 
birth, LBW delivery, traumatic labour, developmental delays, mental retardation and 
cognitive compromise (Erick, 2012).  
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Besides the teratogenic effect, alcohol consumption also affects nutritional status. Primary 
malnutrition occurs when alcohol replaces intake of other nutrients. While alcohol contributes 
7kcal/g (30kJ/g) of energy, it provides very few other nutrients, and could result in pregnant 
women not meeting their increased nutrient requirements (Gallagher, 2012). Alcohol can also 
result in secondary malnutrition, which refers to nutritional deficiency caused by the altered 
efficiency or ability of the body to break down and absorb nutrients (Lieber, 2003). Alcohol 
has been shown to suppress bone formation (Maddalozzo et al., 2009; Turner, 2000) and 
impairs the transport of folate to the foetus (Hutson et al., 2012). The uptake of essential 
amino acids and the production of protein in the liver is also decreased (Erick, 2012; Keen et 
al., 2010; Adibi et al., 1992), which directly compromises meeting the the increased protein 
requirements during pregnancy. Alcohol also affects the absorption, metabolism and 
excretion of nutrients that are essential in blastogenesis and cell differentiation, including 
vitamins B1, B3, B6, magnesium and zinc (Erick, 2012; Keen et al., 2010; May et al., 2004; 
Tamura et al., 2004).   
 
As no safe level and safe time to consume alcohol during pregnancy are known (Cheng et al., 
2011; Gray et al., 2009) it is recommended that pregnant women avoid alcohol consumption 
completely (Surgeon General, 2005).  
 
2.6 Nutritional status assessment in pregnant women 
Assessment of anthropometry, biochemistry, clinical signs and symptoms, and dietary intake 
is used in clinical settings to provide a comprehensive picture of nutritional status of 
individuals or groups. In a community setting, dietary assessment forms an important part of 
nutritional science, being used to identify public health nutrition problems and associations 
between dietary intake, health and disease (Adamson & Baranowski, 2014; Biltoft-Jensen et 
al., 2009; Ma et al., 2009). Various dietary intake assessment methods are available (see 
section 2.6.1 and Table 2.12) and an appropriate method should be selected based on the 
characteristics of the community and the aims of the study. Recent developments in this area 
aim to increase ease of use and improve validity and reliability of dietary intake data, by 
employing various technologies (Adamson & Baranowski, 2014; Baranowski et al., 2014; 






2.6.1 Overview of dietary intake assessment methods 
Several dietary intake assessment methods are discussed below and a summary of the 
advantages and disadvantages of each method is summarised in Table 2.14. 
 
Daily food diary (prospective recording) 
When using this method, the patient is required to record what and how much is eaten as it 
occurs throughout the day in a food diary. Patients may also be required to indicate the place, 
time and reason for eating. Quantities are recorded either in common household measures or 
by actual weighing of portions (Lee & Nieman, 2010; Gibson, 2005b; de Castro, 1999). The 
desired period to record food intake in a food diary is three to seven days (Hammond, 2012; 
Biltoft-Jensen et al., 2009). Food records can also be used to determine eating patterns and 
identify problem areas in the diet. The quality of the food diary data is dependent on the 
individual’s honesty and accuracy of recording (Hammond, 2008). Furthermore, factors such 
as the ‘experimenter’ and ‘fatigue’ effects may impact negatively on results and thus need to 
be considered (Biltoft-Jensen et al., 2009). 
 
Food Frequency Questionnaires (recall of past intake) 
Food Frequency Questionnaires (FFQ) involve retrospective recall of the frequency of intake 
of certain foods. The food items are presented in a list and subjects are required to indicate 
how often they consumed each item per week, month, or year period (Hammond, 2012; Lee 
& Nieman, 2010; Gibson, 2005b). The questionnaire can be interviewer- or self-
administered. FFQs can be simple or non-quantitative (no portion size included, only 
frequency recorded), semi-quantitative (using estimates of standardised portions such as 
small, medium or large), or quantitative (includes specific portion sizes including weight, 
volume or household measures: QFFQ) (Lee & Nieman, 2010; Gibson, 2005; Thompson & 
Byers, 1997). The items in the FFQ food list should be aligned with the aim of the dietary 
intake assessment component of the research strongly impacts on to ensure that the research 
question can be answered It needs to be noted that a small number of items may provide a 
less clear/valid estimate of intake, while a comprehensive QFFQ could give more detailed 
information and a more valid estimation of usual total energy and nutrient intakes (Cade et 
al., 2004, 2002). FFQs focussing on assessing specific nutrients would generally include less 
items than those aiming to determine overall usual dietary intake (Cade, 2001). However, it 
has been proposed that very long questionnaires offer little extra value and increase 
respondent burden (Willett, 1998). It has been recommended that a FFQ should be developed 
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and validated for specific target groups to account for the possible differences in culture, 
environment, availability of foods (Torheim et al., 2001), race/ethnicity and education 
(Kristal et al., 1997).  
 
24-Hour recall (recall of past intake) 
This method is usually interviewer-administered and relies on the individual to remember the 
detail of the foods consumed in the past 24 hours, as well as the amount (portion size) of each 
food consumed (Hammond, 2012; Lee & Nieman, 2010; Gibson, 2005b). The interviewer 
can assist the respondent to remember foods consumed by asking questions about activities or 
events that took place on the day in question. Brand names, preparation methods and set 
serving sizes/units should be specified to increase accuracy of analysis. As a single 24-hour 
recall does not provide a valid reflection of usual, it is recommended that the recall be 
combined with a FFQ (Hammond, 2012), or that repeated 24-hour recalls (two to five) be 
conducted (Cade et al., 2002).  
 
TABLE 2.14 Advantages and disadvantages of food records, FFQs and 24-recall(s) for 
dietary intake assessment  





- Does not rely on memory of participant  
- Greater reproducibility (weighed food 
record) (Gibson, 2005)  
- Least correlated errors with FFQ (Cade et 
al., 2002) 
- Reflection of usual intake if recorded over 
four (Smithers et al, 1998) to seven days 
(Carlsen et al., 2010; Bingham et al., 
1994) 
 
- Demanding method requiring literate respondents 
(Gibson, 2005; Rockett et al., 1997) 
- Respondents may fail to quantify portions 
correctly (in estimated food records) (Gibson, 
2005) 
- Increased costs if scales are used 
- Greater participant motivation needed (Gibson, 
2005; Rockett et al., 1997) 
- Participants may adapt eating habits to make 
recording easier (Gibson, 2005; Trabulsi & 
Schoeller, 2001; Jacques et al., 1993) 
- Significant under-reporting may occur (Gibson, 




- Relatively lower administrative costs and 
less time consuming on the participant 
(Sevak et al., 2004; Mayer-Davis et al., 
1999; Resnicow et al., 1997; Jacques et 
al., 1993) 
- Relies on memory (Adamson & Baranowski, 
2014; Cade et al., 2002; Trabulsi & Schoeller, 
2001) 
- Requires conceptualisation of portion sizes 
(Adamson & Baranowski, 2014; Cade et al., 
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METHOD ADVANTAGES DISADVANTAGES 
- Ability to assess usual intake, and intake 
over a longer period of time (Gibson, 
2005; Black et al., 1993; Mayer-Davis et 
al., 1999; Resnicow et al., 1997) 
- Data is easy to collect and process 
(Gibson, 2005; Sevak et al., 2004)  
- Can be self-administered and used in large 
populations (Sevak et al., 2004; Black et 
al., 1999) 
2002; Trabulsi & Schoeller, 2001) 
- Limited ability to quantify absolute intake 
(Torheim et al., 2001; Resnicow et al., 1997) 
- Over- (Sevak et al., 2004; Torheim et al., 2001) 
and under- (Subar et al., 2003) estimation has 
been found 
- Validity partly dependent on completeness of 
lists (Mayer-Davis et al., 1999) 
24-Hour 
recall 
- Inexpensive (Lee & Nieman, 2010) 
- Requires only short-term memory (Lee & 
Nieman, 2010) 
- Can be repeated during different seasons 
to estimate average food intake over a 
longer time (Gibson, 2005) 
- Lower respondent burden compared to 
weighed food record (Lee & Nieman, 
2010; Cade et al., 2002; Black et al., 
1999) 
- Less likely to influence actual diet of 
subjects (Cade et al., 2002) 
- Better suited to populations with less 
literate participants (interviewer 
administered) (Cade et al., 2002) 
- Reflection of usual intake with three 
recalls (Burrows et al., 2010; Ma et al., 
2009)  
- Gives information only on previous day’s dietary 
intake (Rockett et al., 1995), thus single recall 
may not be representative of usual intake  
- Exaggerates estimate of individual variability 
(Rockett et al., 1995) 
- Relies on memory and conceptualisation of 
portion sizes (Cade et al., 2002; Trabulsi & 
Schoeller, 2001) 
- Requires an experienced interviewer 
- Prone to under-reporting (Trabulsi & Schoeller, 
2001) especially of binge eating behaviours, 
alcohol, and ‘unhealthful’ foods (Lee & Nieman, 
2010)  
- Prone to over-reporting of expensive or healthful 
foods (Feskanich & Willett, 1993) 
- More administration time may be needed to do 
multiple assessments (Resnicow et al., 1997) 
 
Portion size estimation  
The estimation of portion sizes can be challenging but is an important determinant of the 
accuracy of dietary intake data. It has been indicated that inaccurate portion size estimation is 
one of the major sources of reporting error in recall methods (Rumpler et al., 2008). In order 
to assist with portion size estimation, numerous portion size estimation aids (PSEA) have 
been developed (Subar et al., 2010; Biro et al., 2002). These include two-dimensional (food 
photographs, drawings of food or household measures/ abstract shapes, package labels, or 
computer graphics) or three-dimensional (actual food samples, food replicas or models, 




Factors affecting portion size estimation include perception, conceptualisation, and memory 
(Biro et al., 2002; Nelson et al., 1994). Studies assessing these factors showed that age, type 
of PSEA used and the type of food being estimated affected the participant’s perception of 
the portion size (Steyn et al., 2006; Hernandez et al., 2006; Byrd-Bredbenner & Schwartz, 
2004), the accuracy of conceptualisation and ability to recall meals (Foster et al., 2008; 
Hernandez et al., 2006; Chambers et al., 2000; Nelson et al., 1994; Faggiano et al., 1992). 
Lower literacy levels have been linked with less accuracy in portion size estimation 
(Huizinga et al., 2009). Actual portion sizes consumed inversely impact the reported 
estimation where larger portions tend to be underestimated and smaller ones overestimated 
(Harnack et al., 2004; Faggiano et al., 1992) 
 
Food photographs have been found to be cheap, reproducible, transportable, and easily 
adaptable to different communities (Huybregts et al., 2007). Furthermore, it is suitable for 
groups and in rural settings (Huizinga et al., 2009). Images of household measures or of 
different portion-sized line drawings have been reported to be as accurate as images of actual 
food, making it more cost-effective (Subar et al., 2010). It has been found that the addition of 
photographs to a traditional food diary and self-administered 24-hour recall enhanced the 
validity and reliability of dietary intake recording (Small et al., 2009; Subar et al., 2010). 
Subar et al. (2010) and Nelson et al. (1994) also found that the use of more images (eight vs. 
four images and four vs. one respectively) attained more accurate data. However, some 
studies assessing the validity of food photographs have shown significant portion size 
estimation errors when compared to plated food weighed before and after the meal in 
question (Robson & Livingstone, 2000; Faggiano et al., 1992) and also inter-individual 
variability depending on the portion size depicted in the photograph (Ovaskainen et al., 2008; 
Nelson et al., 1994).  
 
Several studies have shown that a variety of PSEAs used together achieve more accurate 
estimates of intake (Subar et al., 2010; Byrd-Bredbenner & Schwartz, 2004; Faggiano et al., 
1992; Hankin et al., 1991). 
 
2.6.2 Interpretation of dietary intake data 
There are several ways in which dietary intake data can be interpreted, including 




 Dietary adequacy 
Comparison of mean energy and nutrient intakes to respective DRIs and to the FBDG are 
commonly used to assess the adequacy of dietary intake of individuals/groups. Two ratios, 
namely the nutrient adequacy ratio (NAR) and the mean adequacy ratio (MAR) can also be 
used to gauge the adequacy of dietary intake. The NAR is the ratio of observed intake of a 
nutrient to the recommended intake for that nutrient (FAO/ WHO 2002). The MAR is a 
measure of overall dietary adequacy and is calculated as the sum of the NAR for each 
nutrient (except protein and energy) divided by the number of nutrients (Steyn et al., 2005; 
Hartloy et al., 1998). Both ratios are expressed as a percentage, and an ideal score of 100% 
would indicate an intake that is in line with requirements (Steyn et al., 2005). Neither the 
NAR nor the MAR has been used for the assessment of the adequacy of the dietary intake of 
pregnant women in South Africa. 
 
 Dietary diversity 
Dietary diversity scores (DDSs) have been developed to provide insights into the variety of 
foods consumed by individuals/groups. DDSs are generally defined as the number of food 
groups consumed over a 24-hour period (Sealy-Potts & Potts, 2014; Steyn et al., 2005; 
Hatloy et al., 1998). A number of national and international research groups have developed 
DDSs (see Table 2.15 for examples of DDSs developed for developing countries). DDSs 
developed by different groups may have elements in common, but may differ depending on 
the aim of a particular study (Hatloy et al., 2000).  There is no international consensus  on 
which food groups should be included in the calculation of the DDS (Kennedy et al., 2012).
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TABLE 2.15 Examples of Dietary Diversity Scores (DDSs) applied in studies in developing countries  
 1 2 3 4 5 6 7 8 
Household vs. Individual DDS Individual Household Household Household Individual Individual Household Individual 









Children 6 – 59 
months 
Children 13 – 
58 months 














sample of South 
Africa 
Koutiala, Mali Koutiala, Mali 









Single 24-hour recall 7-day QFFQ 
 




Cut-off for inadequate DDS ≤ 3  < 4 < 4 ≤ 4 ≤ 4 2 – 5  < 6 
Mean DDS  4.19 ± 0.83 4.57 ± 1.96 4.1 (3.2 and 4.8 
informal vs. formal 
settlements) 
4.02 2.82 ± 0.99 3.6 ± 1.4  5.8 ± 1.1 
% below cut-off 19.15%  36.8% 
(68.1% in informal 
and 15.4% in 
formal settlements) 
Province varied; Lowest 
Western Cape: 15.7% 
Highest Eastern Cape: 
59.6% 
79.5%    
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 1 2 3 4 5 6 7 8 
Food groups:         
- Staples (grains, cereals, roots, 
tubers) 
X      X X 
- Cereals, roots and tubers  X X X X X   
- Dairy (milk, yoghurt, cheese) X X X X X X  X 
- Legumes and nuts X   X  X X  
- Legumes  X X  X    
- Animal/ flesh foods (eggs, meat, 
fish, poultry, liver/ organ meat)  
X        
- Meat, poultry and fish  X X X X X X  
- Eggs   X X X X X X X 
- Meat        X 
- Fish        X 
- Leaves/ gathered foods        X X 
- Vitamin A-rich fruits and 
vegetables 
X X X X X X   
- Other fruits and vegetables X X       
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 1 2 3 4 5 6 7 8 
- Other fruits   X X X X X X 
- Other vegetables   X X X X X X 
- Fats and oils   X X X  X   
- Oil/ Sugar       X  
- Sugar  X       
- Beverages  X       
 Abbreviations: FFQ = Food frequency questionnaire   QFFQ = Quantitative food frequency questionnaire 
1. Sealey-Potts & Potts, 2014  2. De Cock et al., 2013     3. Drimie et al., 2013     4. Labadarios et al., 2011     5. Oldewage-Theron & Kruger, 2011     




Four of the studies included in Table 2.15 were done in children between the ages of six 
months and eight years (Sealey-Potts & Potts, 2014; Steyn et al., 2006; Hatloy et al., 2000; 
Hatloy et al., 1998), while the rest of the studies were done in adults or adolescents of 16 
years or older (De Cocl et al., 2013; Drimie et al., 2013; Steyn et al., 2011; Oldewage-Theron 
& Kruger, 2011). Five of the studies were done in various provinces in South Africa (De 
Cock et al., 2013; Drimie et al., 2013; Steyn et al., 2011; Oldewage-Theron & Kruger, 2011; 
Steyn et al., 2006) and the remaining three in other developing countries. Different dietary 
intake methods were used in the studies to assess the dietary intake data from which the DDS 
was derived. The most commonly used method was a single 24-hour recall (four studies) 
(Sealey-Potts & Potts, 2014; Drimie et al., 2013; Steyn et al., 2011; Steyn et al., 2006) 
followed by a the FFQ method (two studies) (Oldewage-Theron & Kruger, 2011; Hatloy et 
al., 2000).  
 
The food groups used in the studies were not necessarily aligned. For example, one study did 
not include dairy products, (Hatloy et al., 2000); three studies combined legumes and nuts 
(Sealey-Potts & Potts, 2014; Steyn et al., 2006; Hatloy et al., 2000), while four studies 
included legumes only (De Cock et al., 2013; Drimie et al., 2013; Steyn et al., 2011; 
Oldewage-Theron & Kruger, 2011); and one study included neither legumes nor nuts (Hatloy 
et al., 1998). Half of the studies included fats and oils as a food group (De Cock et al., 2013; 
Drimie et al., 2013; Labadarios et al., 2011; Steyn et al., 2006), one study combined oil and 
sugar (Hatloy et al., 2000), while the remaining three studies did not include fats or sugars 
(Sealey-Potts & Potts, 2014; Oldewage-Theron & Kruger, 2011; Hatloy et al., 1998). These 
variations are in line with recommendations by the FAO where fats and oils are excluded 
from assessment when analysis of individual DDS is done (Kennedy et al., 2012) except for 
the study by Steyn et al. (2006) where individual DDS analysis was done with the inclusion 
of fats and oils as a food group. Only one study classified sugar as a food group. The same 
study was also the only one to classify beverages as a food group (De Cock et al., 2013). One 
study included a combined food group containing meat, poultry and fish, along with eggs 
(Sealey-Potts & Potts, 2014), while six studies separated eggs and animal flesh into two 
different food groups (De Cock et al., 2013; Drimie et al., 2013; Steyn et al., 2011; 
Oldewage-Theron & Kruger, 2011; Steyn et al., 2006; Hatloy et al., 2000). Hatloy et al. 
(1998) divided these foods into separate groups for meat, fish and eggs. Two studies included 
a food group for leaves and gathered foods (Hatloy et al., 2000; Hatloy et al., 1998). Six 
studies included a food group for Vitamin A-rich fruits and vegetables (Sealey-Potts & Potts, 
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2014; De Cock et al., 2013; Drimie et al., 2013; Steyn et al., 2011; Oldewage-Theron & 
Kruger, 2011; Steyn et al., 2006). Other fruits and vegetables were combined into a single 
category in two of the studies (Sealey-Potts & Potts, 2014; De Cock et al., 2013), and 
separated into two categories in the other six studies (Drimie et al., 2013; Steyn et al., 2011; 
Oldewage-Theron & Kruger, 2011; Steyn et al., 2006; Hatloy et al., 2000; Hatloy et al., 
1998).   
 
Studies that investigated the association between dietary diversity and micronutrient intake 
have found positive correlations (Narmaki et al., 2015; Steyn et al., 2005; Foote et al., 2004; 
Hatloy et al., 1998). Associations were also found to be more likely to be significant in rural 
when compared to urban areas (Amugsi et al., 2014; Drimie et al., 2013; Ruel, 2003). Dietary 
diversity has also been linked to food security (Hillbruner & Egan, 2008; Swindale & 
Bilinsky, 2005) with a score below four indicating poor dietary diversity, and poor food 
security (Labadarios et al., 2011). In general, lower DDSs were found in those living in 
informal areas (Drimie et al., 2013; De Cock et al., 2013; Labadarios et al., 2011; Steyn et al., 
2011; Oldewage-Theron & Kruger, 2011). As stated by the FAO, no established cut-off 
points are available (Kennedy et al., 2012), but the majority of studies summarised used a 
score below four as being indicative of poor dietary diversity, and poor food security (Drimie 
et al., 2013; Labadarios et al., 2011; Oldewage-Theron & Kruger, 2011; Steyn et al., 2006; 
Hatloy et al., 2000). 
 
2.6.3 Anthropometric assessments  
Anthropometry refers to physical measurements that are obtained from an individual that can 
be compared to standards to analyse and monitor the growth and development of the 
individual (Hammond & Litchford, 2012). In pregnant women, BMI and weight monitoring 
gives an indication of foetal growth and health (Calvo & Lopez, 2012; Lopez et al., 2011) 
and may predict longer term health in both the mother and child. Specifically, weight and 
BMI monitoring throughout pregnancy has been shown to help in preventing high blood 
pressure in the offspring during adolescence (Laura et al., 2010). However, weight and BMI 
values are only effective monitoring tools if pre-pregnancy weight and BMI are known, 
which is often not available in developing communities (Calvo & Lopez, 2012).  
 
Mid upper arm circumference (MUAC) has been shown to be a suitable substitute for BMI, 
because of the strong correlation thereof with body weight (Ogbonna et al., 2007; Thame et 
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al., 2007; Kelly et al., 1996; Pelletier et al., 1995; James et al., 1994). This has been shown to 
hold true in pregnancy (Calvo & Lopez, 2012; Lopez et al., 2011), with MUAC during early 
pregnancy being a better predictor of prematurity (Liljestrand & Bergström, 1991) and LBW 
(Lopez et al., 2011; Ojha & Malla, 2007; Kruger, 2005) than maternal weight gain or BMI. 
However, more research needs to be done to evaluate the variation of MUAC throughout 
pregnancy (Araújo et al., 2009, Licitra et al., 1998; Zekan et al., 1998). Table 2.16 shows the 
MUAC cut-offs suggested by Lopez et al. (2011) to detect LBW pregnancies, while Table 
2.17 shows values recommended by a study done on South African women to indicate risk of 
malnutrition and adverse pregnancy outcomes based on MUAC readings (Kruger, 2005).  
 
TABLE 2.16 Proposed MUAC indices to detect low birth weight pregnancies (Lopez et al., 
2011) 




Abbreviations: MUAC = Mid-upper arm circumference 
 
TABLE 2.17 MUAC cut-offs as indicators of malnutrition during pregnancy (Kruger, 2005) 
MUAC (cm) INDICATOR OF MALNUTRITION 
<25 Warning  
<23 Strong indication  
<22 High risk of adverse pregnancy outcomes 
High risk of LBW 
Abbreviations: MUAC = Mid-upper arm circumference   LBW = Low birth weight 
 
Skin fold measurements reflect subcutaneous fat stores (Calvo & Lopez, 2012; Lopez et al., 
2011). These measurements can be used in combination with weight to give an indication of 
body composition (subcutaneous fat stores versus muscle mass) (Widen & Gallagher, 2014; 
Lee & Nieman, 2010). Skinfold   measures could give an indication of maternal nutritional 
status (Widen & Gallagher, 2014; Lopez et al., 2011), although more research is needed to 
identify changes in these measurements throughout pregnancy (Widen & Gallagher, 2014; 





2.6.4 Biochemical assessments 
Biochemical markers are objective and thus not subject to the same risk of false reporting as 
other methods of nutritional assessment, but may be more expensive, invasive and very 
nutrient specific (Litchford, 2012; Lee & Nieman, 2010; Cade et al 2002). Single-test values 
should be used only for screening purposes or to confirm other assessments, while 
comparison to previous results is preferable and more accurate (Litchford, 2012). 
Interpretation of biochemical results for pregnant women should be done with care because 
of the influence pregnancy may have on these markers. For example, plasma vitamin B12 
levels drop during pregnancy due to haemodilution (Ball & Giles, 1964) and alterations in 
relevant binding and transport proteins (Morkbak et al., 2007). However, holotranscobalamin 
levels have been shown to remain unchanged during pregnancy and may be a good marker of 
vitamin B12 deficiency in pregnancy (Morkbak et al., 2007).  
 
Several biochemical markers have been associated with negative outcomes in pregnancy, 
especially with preterm birth. Serum folate is possibly the best known marker in pregnancy, 
with a low value being significantly correlated with increased risk of neural tube defects. 
Low serum folate has also been associated with preterm birth and LBW (Refsum, 2001).  
 
Increased plasma or serum total homocysteine concentrations have been associated with an 
increased risk for preeclampsia, preterm birth, IUGR, LBW and perinatal death (Vollset et 
al., 2000; Burke et al., 1998; Leeds et al., 1998) 
 
Decreased serum vitamin D levels during pregnancy have been shown to affect foetal femoral 
development (Thomas & Demay, 2011; Mahon et al., 2010; Millen & Bodnar, 2008), 
increase the risk of preeclampsia (Bodnar et al., 2007), increase caesarean section births 
(Merewood et al., 2009), and have been associated with preterm birth (Shibata et al., 2011; 
Gaunekar & Crowther, 2004). 
 
Other biochemical markers that may be associated with preterm delivery include elevated 
CRP (C-reactive protein) (Pannacciulli et al., 2001), low serum magnesium (Wojcicka-
Jagodzinska et al., 1998; Kurzel, 1991), low total serum calcium and phosphorous (Wojcicka-
Jagodzinska et al., 1998), and a low white blood cell count (Hsu et al., 2013). Both high and 
low haemoglobin concentrations in early pregnancy (Goel et al., 2003; Steer, 2000), as well 
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as elevated serum ferritin concentrations (>40μg/dL) at 34 weeks have also been associated 
with increased risk for preterm delivery (Hsu et al., 2013; Scholl, 1998). 
 
2.7 Concluding remarks 
Several physiological changes occur throughout pregnancy enabling the growth and 
development of a healthy foetus. Nutrition-related factors that influence pregnancy outcome 
highlighted the importance of pre-pregnancy weight status and adequate weight gain 
throughout pregnancy to lower the risk of complications. Dieting, caffeine and alcohol 
consumption and being adolescent or of advanced maternal age during pregnancy further 
increases the risk of adverse pregnancy outcomes, while vegetarians need to be vigilant to 
ensure adequate intake of all nutrients. Maternal requirements of energy, protein, 
carbohydrates, and several nutrients increases during pregnancy. Most notably, vitamin A, 
folate, calcium, iodine, iron and phosphorous. Dietary guidelines suggest incorporating more 
nutrient-dense foods into the diet while also restricting refined foods, and foods high in 
saturated fats and sugar. The need for supplementation should be assessed individually and 
recommended only as required. The use of multiple micronutrient supplements is not 
supported by adequate evidence.  
 
A review of South African studies (n =7) assessing the dietary intake of pregnant women 
showed that dietary intake levels of vitamin C, vitamin B12, iron and folate were typically 
inadequate, with low intakes of fruits, vegetables, and meat. Dietary intake assessment 
methodology and interpretation criteria for adequacy varied substantially across these studies, 
making it challenging to provide an overall picture of the dietary adequacy of pregnant 
women. The sample sizes of these studies were also relatively small, and thus are not 
representative of all pregnant women in South Africa. For these reasons, more studies 
investigating the dietary intake of pregnant women in South Africa are needed. Various 
methods are available to assess the nutritional, anthropometric and biochemical status of 
pregnant women and to aid in monitoring these as the pregnancy progresses. The advantages 



























3.1 Study design 
A cross-sectional study design was used to assess the dietary intake, adequacy and variety as 
well as anthropometric and socio-demographic information of pregnant women attending the 
Bishop Lavis MOU in Cape Town. For the purposes of this study data on socio-demographic 
and anthropometric variables that were collected after recruitment at baseline and three 24-
hour recalls that were collected over a one-month period (for the validation of a food screener 
in the main PASS study) were included. The 24-hour recalls were collected on three different 
days of the week, each one approximately two weeks apart. One of the recall days for each 
participant was a Sunday. 
 
3.2 Sampling and recruitment 
3.2.1 Study population and sampling  
The study population included all pregnant women who attended the Bishop Lavis MOU for 
their first antenatal appointment and agreed to participate in the main Safe Passage (PASS) 
study. The PASS study is a large multidisciplinary prospective study investigating various 
factors associated with foetal and infant mortality related to sudden infant death syndrome 
(SIDS) and still birth as well as poor pregnancy outcomes such as Foetal alcohol syndrome 
(FAS). From this population a subsample of pregnant women was included in the dietary 
assessments sub-study using a convenience sampling method (see section 3.2.3).  
 
3.2.2 Inclusion and exclusion criteria 
To be included, participants had to understand and speak either English or Afrikaans, be 
enrolled as a participant in the main PASS study, and be between 12 and 20 weeks (84 to 140 
days) gestational age at the time of recruitment. The latter criteria on gestational age was 
included to minimise the impact of differing stages of pregnancy, for example the increased 
requirements of the second and third trimesters, and the increased risk of NVP during the first 
trimester, on dietary intake.  
 
3.2.3 Recruitment process 
Pregnant women attending the Bishop Lavis MOU on Monday, Tuesday, Thursday and 
Friday mornings were recruited for the main PASS study. All pregnant women in the waiting 
room at Bishop Lavis MOU, who attended the clinic for their first antenatal appointment, 
were invited into a private room for explanation of the main PASS study by the PASS study 
fieldworkers. They were subsequently offered the opportunity to sign up for the main study. 
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Recruitment for the dietary sub-study took place between August 2011 and August 2012. 
During this period the main PASS study explanation also covered the dietary component and 
women who were between 12 and 20 weeks’ gestational age at the time of recruitment were 
also offered the opportunity to participate in the sub-study. Those who consented to both the 
main and sub-study were requested to stay for a further interview with the dietitian after they 
had completed the recruitment interview process with PASS study fieldworkers. The main 
PASS study interview was carried out by PASS study fieldworkers and lasted approximately 
one and a half hours.  
 
In the recruitment interview with the dietitian, the sub-study itself and what was expected of 
the participant was explained in more detail. The dietitian then provided eligible participants 
with the opportunity to ask questions regarding the sub-study. Consent forms were available 
in both English and Afrikaans, as this catered to the vast majority of the population being 
targeted. This population was largely homogenous, with 99.6% of the South African Main 
PASS study sample being of mixed ancestory, and only 0.4% and 0.001% classified as 
“black” and “white” respectively. These were signed by those who volunteered for 
participation and were willing to commit to three sessions (one on the same day and two 
follow-up sessions) for collection of dietary intake information. A copy of the signed consent 
form was given to each participant. An appointment was then set for the first follow-up visit, 
which had to take place within two weeks of the recruitment interview on a different day of 
the week than the first interview. It was necessary for participants to be able to attend both 
follow-up sessions between two and four weeks apart. Participants that failed to arrive for a 
scheduled interview were contacted by the interviewer and, where possible, another interview 
was scheduled. If the participant could not be contacted, was unwilling to reschedule the 
appointment, or did not attend the rescheduled interview, they were classified as a ‘drop-out’ 
and another participant was recruited in their place. 
 
3.2.4 Final sample 
OpenEpi was used to calculate the sample size required for this study.  The results of South 
African studies that investigated adequacy of dietary intake of pregnant women were used for 
these calculations. These studies showed that when intake was inadequate for an investigated 
nutrient it was mostly in the range of 20% or more of subjects (Bopape et al. 2008, Mostert et 
al. 2005, Tshitaudzi et al. 2003).  For the final sample size calculation, a population size of 1 
million, confidence level of 95%, precision/confidence limit of 6% and an anticipated 
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frequency of 20% were used and a sample of 139 participants was indicated. A total of 170 
participants were recruited to accommodate possible drop out. Eighteen participants failed to 
return for follow-up appointments of which 15 did not arrive for the first follow-up 
appointment, while three others did not arrive for the second follow-up appointment.  
 
Reasons for not attending the first and/ or second follow-up appointments included illness 
(n=1), poor perceived memory (n=3), misunderstanding of transport services offered (n=1) 
and change in work (n=1), boss (n=1), work hours (n=2), and work or home location (n=2). 
Attempts to contact these subjects to make new appointments were not always successful as a 
result of incorrect contact details given, or because of changed contact details that were not 
relayed to the dietitian or the main study administrative offices. Two participants, not 
included in these numbers, did not complete the recruitment process due to time constraints 
and administrative error. One other subject was excluded from the sub-study at the first 
follow-up as a review of her clinical records showed that she was over twenty weeks 
gestational age at recruitment, and she could not be contacted prior to the appointment. The 
18 participants that dropped-out were excluded from data analyses and the final sample 
included is 152 participants who attended all data collection appointments. In total, 477 
interviews were carried out (including drop-outs), and 456 of the 24-hour dietary recalls were 
included in the final analysis. 
 
3.3 Measures and questionnaires 
3.3.1 Anthropometric measures 
Execution of measures 
Anthropometric measures were done by the main PASS study fieldworkers during the 
recruitment interview. The fieldworkers were all trained nurses, and as such, had previous 
training in anthropometric assessments. A manual that included the maternal and infant 
protocol for anthropometric measurements, based on the NHANES anthropometry 
procedures manual included detailed guidelines and instructions for all anthropometrical 
measurements and calibration of equipment (CDC, 2004). All fieldworkers were trained 
according to the protocol. Laminated copies of the instructions were available in each room 
used for the recruitment interviews to allow fieldworkers to easily verify each step. The 
protocols were strictly followed, and annual site checks and re-training was carried out to 




The following anthropometric measures were obtained and analysed in this sub-study: height, 
weight, triceps skinfold (TSF), and mid-upper arm circumference (MUAC).  
 
Height was taken to the nearest 0.1cm without shoes, socks or any other clothing that may 
hinder accurate measurements, using a wall-mounted stadiometer with European Union 
quality standard. The participant’s head, back and buttocks touched the stadiometer and the 
head was held in the Frankfort horizontal plane when the measurement was taken. Weight 
was measured to the nearest 0.1kg with an electronic scale (Mellerware®) which was 
calibrated every six months, using standard test weights, according to specified protocols. 
Because of the stringent calibration protocols, the same scales were able to be used for the 
duration of the study. Participants wore light clothing, no shoes, and stood in the middle of 
the scale, with no other body part touching anything else. Triceps skinfold (TSF) measures 
were taken with a Harpenden calliper on the left arm, at the crossing between the midpoint of 
the acromium and olecranum processes, and at the posterior midline of the upper arm. The 
arm was hanging loosely by their side, and measurements were recorded to the nearest 
0.2mm (Lee & Nieman, 2010; Hammond & Litchford 2012).  
MUAC was measured using a non-stretchable measuring tape at the same midway line as 
used for the TSF measurement, ensuring no skin indentation, and was recorded to the nearest 
0.1mm (Lee & Nieman, 2010; Hammond & Litchford 2012).  All measurements were taken 
twice, and the average between them was used in statistical analyses. Participants were also 
asked to report their pre-pregnancy weight. 
 
 Interpretation of measures 
The estimated pre-pregnancy BMI and current BMI were calculated by dividing estimated 
weight and current weight in kilograms by height in square metres. It is important to note that 
different interpretation criteria for pre-pregnancy BMI are applicable for adult and for 
adolescent females. For adult participants, pre-pregnancy BMI was interpreted using the 
following categories: underweight (BMI <18.5kg/m2), normal weight (BMI between 18.5 and 
24.9 kg/m2), overweight (BMI between 25.0 and 29.9 kg/m2), and obese (BMI ≥30 kg/m2) 
(WHO, 2006b). The WHO BMI-for-age chart (z-scores) for females between the ages of 5 
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and 19 years was used for interpretation of the pre-pregnancy BMI of adolescent participants. 
The BMI of each of these participants was plotted and the corresponding category was noted 
for each adolescent: Severe thinness (below -3 SD), thinness (below -2 SD), normal weight, 
overweight (above +1 SD), and obese (above the +2 SD) (WHO, 2015). The BMI of 
adolescent participants was also classified using the tables compiled by Cole et al. (2000) 
(categorisation as overweight or obese) to render categorised results for adolescents that are 
comparable to adult participants. The current BMI of participants was not classified 
according to BMI categories as the meaningful interpretation thereof is not feasible. Current 
BMI was used to investigate associations with other variables. 
 
Estimated weight change was calculated as current weight minus estimated pre-pregnancy 
weight. The resulting value was interpreted using the IOM (2009) recommendations for 
adequate weight gain in pregnant women (Table 2.3) based on pre-pregnancy BMI and 
gestational age at recruitment. 
 
Recommended MUAC cut-offs as suggested by Kruger (2005) were used in this study 
sample. A measurement below 25cm was interpreted as a warning of malnutrition, a 
measurement below 23cm was a strong indication of the same, and a measurement below 
22cm indicated a high risk of adverse pregnancy outcomes and LBW. No specific 
recommendations are available for the interpretation of TSF measures in pregnancy, but their 
use in calculating and assessing body composition is well established (Widen & Gallagher, 
2014; Lee & Nieman, 2010). The MUAC and TSF were used to calculate arm muscle 
circumference (AMC), corrected arm muscle area (cAMA) and arm fat area (AFA) for 
women using the following equations (Lee & Nieman, 2010).  
 
AMC = MUAC (cm) – (π x TSF (mm) 
 
cAMA (cm2) = AMC (cm 2) / 4 π – 6.5 
 




Arm fat area values less than 20cm2 were classified as greater risk for poor pregnancy 
outcome (Friis et al., 2004). 
 
3.3.2 Socio-demographic questionnaire 
The following socio-demographic data were collected with an interview-administered 
questionnaire by the main PASS study fieldworkers: maternal and gestational age, ethnicity, 
marital status [married; partnered (boyfriend or girlfriend), living together; partnered 
(boyfriend or girlfriend), not living together; separated; divorced; single; widowed], years of 
formal education completed, monthly household income ( “Don’t know”, “≤R500”, “R500 – 
R1 000”, R1 001 – R2000” “R2 001 – R3 000”, R3 001 – R4 000”, “R4 001 – R5 000”, and 
“≥R5 001”), and number of people supported by this income.  
 
Information recorded by the main PASS study fieldworkers was captured in the main study 
data base and then exported to an Excel spreadsheet. This spread sheet was subsequently 
merged with the dietary data (see section 3.3.3 Data capturing and Cleaning of the 24-hour 
recall data) for statistical analyses. 
 
3.3.3 24-Hour recall 
Administration of the 24-Hour recall 
The 24-hour recall was administered by the primary researcher using the multiple-pass 
method. This method entails following three steps to attain as accurate a recall as possible 
(Wrieden et al., 2003). In the first step a quick list of foods consumed in the previous 24 
hours was recorded. The second pass allowed for elicitation of more detailed information 
about each food item, drink, meal and snack that had been recalled, while the third pass 
prompted for foods/drinks that may have been forgotten. Foods that are known to be easily 
forgotten such as fruit, juices or other drinks, crisps, and sweets or other snacks were asked 
specifically. A final review was used to glean any additional information about the previous 
day’s intake. The method allows for probing questions to assist the participant in recalling the 
full day’s intake. Time of meals and snacks was asked and recorded to help the participant 
methodically remember the events of the day and foods consumed. Preparation methods and 
condiment use were included in the questioning specifically during the second pass.  
 
Portion sizes were estimated during the second pass with the help of simplified line drawings 
of household measures (heaped and level spoons, glasses and cups), matchboxes and portion 
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sizes of amorphous foods as depicted in the Dietary Assessment and Education Kit (DAEK) 
(Steyn & Senekal, 2004).   
 
Training of fieldworkers  
The dietitian (primary researcher) received training in the administration of the multiple pass 
24-hour recall method prior to commencement of the sub-study to ensure that correct and 
consistent procedures and prompting techniques were used. For these purposes, four test 24-
hour recalls were conducted with women attending the clinic which were then checked by the 
trainer (an expert in dietary intake methodology). All 477 interviews were conducted by the 
candidate.  
 
Data collection timeline and implementation 
The interviews took place over a period of one year between August 2011 and August 2012. 
Table 3.1 shows the distribution between spring/ summer and autumn/ winter interviews, and 
between the data used for analysis (“Complete”) and all the data collected, including 
incomplete data sets (where participants dropped out of the study). The current study was 
done on an urban population where seasonal variation in intake of fruits and vegetables is not 
expected to affect dietary intake results as these are available at supermarkets throughout the 
year. We have also found no significant difference (p=0.6852) between seasonal intake in 
fruits and vegetables (Table 3.2). 
 
TABLE 3.1 Distribution of interviews across the seasons 
 
SPRING/ SUMMER AUTUMN/ WINTER TOTAL 
Complete 244 212 456 
 
53.5% 46.5% 












TABLE 3.2 Distribution of fruit and vegetable intake across the seasons 
 


















Interviews were conducted in a private room at the Bishop Lavis MOU. The recruitment 
interview with the dietitian included the first 24-hour dietary recall that also lasted about 15 
to 20 minutes. During the first follow-up appointment a second 24-hour recall was 
administered. An appointment for the third interview was arranged, usually within two 
weeks, and on a day of the week that had not yet been covered by the other two interviews. 
During the second follow-up appointment, the third 24-hour recall was collected. The second 
and third follow-up interviews lasted about 15 to 20 minutes. Each participant received a 
R100 Checkers Hypermarket voucher at the end of the second and third visits as appreciation 
for their attendance. The vouchers were valid for anything other than alcohol or cigarettes. 
 
At each follow-up interview participants were asked if they had any questions about the 
study, and whether they still wanted to participate. Any queries were addressed before the 
interview started. The participants received a reminder card with the date and time of their 
next appointment, and with the interviewer’s contact details. They were asked to contact the 
interviewer if they had queries or wanted to change or cancel the next appointment. Where 
correct contact details were available, a reminder SMS was sent to encourage participants to 
arrive for their follow-up appointments. When participants did not show up for their 
scheduled appointments, and where correct contact details were available either from the 
dietitian’s records or those of the main PASS study, the dietitian phoned to reschedule 
appointments.  
 
 Representation of usual intake 
Coverage of seasonal variation in food availability was ensured by recruiting participants 
over a one-year period with interviews evenly distributed across the seasons (Table 3.1). 
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Variability that may result from different eating habits on specific week days, specifically 
week versus weekend days, was addressed by conducting each 24-hour dietary recall of a 
particular participant on a different day of the week, including one weekend day.  
 
Data capturing 
Data from the 24-hour recalls were entered in FoodFinder TM 3 by a registered dietitian 
experienced in capturing dietary data. Participant code, meal date, interview number, meal 
item code, total grams and energy and nutrient intake results were exported from FoodFinder 
TM 3 to Excel spreadsheets where data was sorted and cleaned.  
 
Cleaning of the 24-hour recall data 
Cleaning of captured dietary data was done to eliminate methodological errors, and involved 
the following steps: 
 The data was checked for any missing interview data by comparing a list of 
participant codes from the captured data file with that from the list compiled during 
the dietary data collection process. Three full 24-hour recalls had to have been 
captured for a participant’s data to be included in the analyses.  
 The resulting data set was checked for outliers in terms of quantities consumed. These 
values (either very low or very high) were compared to the original raw data from the 
recorded 24-hour recall and corrected if incorrectly captured. 
 A list of each food item recorded across the 456 interviews was checked for 
consistency of food codes and portion sizes allocated for the same item.  
 An independent dietitian rechecked all the raw data against the Excel spreadsheet and 
made suggestions for changes, including errors of omitted items and meals, added 
items, or where incorrect quantities were recorded in the spreadsheet. The primary 
researcher (interviewer) confirmed the final decisions in this regard with the senior 
nutrition researchers in the group.  
 
The updated and corrected data sheet was once more run though data cleaning analyses. Any 
remaining outliers were inspected in terms of daily total energy and protein intakes and 
checked against the data captured in the 24-hour recalls. Based on these assessments all 




Estimation of the energy contribution of alcohol intake 
Alcohol intake was one of the main outcome variables of the main PASS study. A detailed 
account of alcohol intake was therefore collected through a series of questions (Addendum 
A) by the fieldworkers of the main PASS study during the recruitment interview and at each 
follow-up interview of the main study. The consumption of alcohol was thus not prompted 
for during the interviews of the dietary sub-study and not recorded as part of the 24-hour 
recalls. Analysis of alcohol data was done separately to this sub-study. From this data, the 
average energy from alcohol intake was calculated in grams per day over a four-week period. 
For that time period, the average number of monthly standard drinks of alcohol was 
calculated by multiplying the frequency of alcohol consumption (days per month) with the 
average quantity of alcohol consumed (standard drinks per drinking day). This was divided 
by 28 days to give the average daily standard drinks of alcohol. The average daily alcohol 
energy was calculated by multiplying the average daily standard drinks by 13.6 (grams of 
alcohol per standard drink), and then multiplied by 29 (kilojoules per gram of alcohol). This 
was then added to the total energy intakes as calculated from the 24-hour recalls to calculate 
total energy intake including alcohol. 
 
3.4 Interpretation of dietary intake data  
3.4.1 Under- and over-reporters (validity measure) 
Various formulas have been compiled to estimate REE and these can be used to check for 
under- or over-reporting with other measures (Ireton-Jones, 2012; Lee & Nieman, 2010). The 
Goldberg cut-off was created by calculating the minimum energy that a person would require 
for normal daily functioning using DLW and calorimetry. Although the Goldberg formula 
assumes a state of energy balance – energy intake equals energy expenditure, resulting in 
stable weight – the formula has been used in several studies with pregnant women 
(McGowan & McAuliffe, 2012; Winkvist, Persson & Hartini, 2001).  
 
The average energy intake computed from the three 24-hour recalls was used to determine the 






1)  The IOM equation for EER for pregnant women (shown below) was used to calculate 
the energy requirements of each participant as follows:  
Adolescents: 135.3 – (30.8 x age) + PAL x (10 x weight + 934 x height) + 25 + 350 
Adults: 354 – (6.91 x age) + PAL x (9.36 x weight + 726 x height) + 350 
PAL= Physical activity level for a sedentary lifestyle was used (1.16) 
2) The average energy intake (EI) of each participant derived from her three 24-hour 
recalls was divided by her calculated EER to derive an EI to EER ratio.  
3) Goldberg et al. (1991) suggested a cut-off value below 0.8 for this ratio to identify 
under-reporting, and above 1.2 to identify over-reporting. However, the cut-off value 
of 0.9 that has been used in studies involving pregnant women was applied in this 
research. This cut-off value accommodates pregnancy-induced changes (Derbyshire et 
al., 2009; McGowan & McAuliffe, 2012). For the purposes of this study a value ≤0.9 
indicates under-reporting, >0.9 but <1.2 indicates accurate reporting, and ≥1.2 
indicates over-reporting. 
 
3.4.2 Adequacy of dietary intake 
To investigate the adequacy of dietary intake, the dietary intake data from the three 24-hour 
recalls were compared to the DRIs, SAFBDG and the NAR and MAR were calculated.  
 
Interpretation of dietary adequacy using the dietary reference intakes (DRIs) 
The dietary standards developed by the Standing Committee on the Scientific Evaluation of 
Dietary Reference Intakes (DRI Committee) of the Food and Nutrition Board, Institute of 
Medicine of the National Academies in America have been adopted by South Africa to 
replace the RDAs as an improved indicator for good health, disease prevention, and the 
possible adverse effects of overconsumption (Trumbo et al., 2002). The DRIs (Table 3.3) 
incorporate a set of nutrient-based reference values that can be used to provide quantitative 
















Definition Intake estimated to 
meet the nutrient 
requirements of half 
of the healthy 
individuals in a 
specific age and 
gender group. Used as 
the basis in 
determining the RDA 
Average intake level 
sufficient to meet the 
requirements of 
almost all (97-98%) 
healthy individuals in 
a specific age and 
gender group 
An assumed adequate 




on a group of healthy 
people. Used when 
insufficient data is 
available to estimate 
an EAR 
The highest average 
intake level unlikely 
to pose risks of 
adverse health effects 
in almost all (97-
98%) individuals in a 
specific age and 
gender group 
Use in individuals Determines 
possibility of 
inadequate intake in 
individuals 
Low risk of 
inadequacy with 
intake at or above this 
level  
Low risk of 
inadequacy with 
intake at or above this 
level 
 
Risk of adverse 
effects if usual intake 
is above the UL 
Use in groups Estimates the 
prevalence of 
inadequate intake in 
groups 
Not suitable for 
assessment of intake 
in groups  
Low prevalence of 
inadequate intake at 
or above this level 
Estimates the 
percentage of a 
population at risk of 
adverse effects 
 
The EAR is the most appropriate reference value to use to assess the adequacy of dietary 
intake of a group (Murphy et al., 2006, Murphy & Poos, 2002). The distribution of intakes 
above or below the EAR are determined and interpreted for these purposes (Murphy et al., 
2006). If an EAR has not been set for a specific nutrient, then the AI is used instead. With 
an intake above the AI, it can be assumed that the prevalence of inadequate intake will be 
low. However, an intake below the AI may not necessarily indicate inadequacy, but just 
that an increase in intake may be advantageous (Barr et al., 2002). In this study, where 
possible, the EARs were used for interpretation of results. Where available, reference 
values for the second trimester were used, as majority of the women were in the second 
trimester for at least two of the three days that dietary intake was assessed. 
 
Assessment of the prevalence of adequate/inadequate intake of nutrients using the data 
derived from the three repeated 24-hour recalls per participant was done by applying the 
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EAR cut-point method (Murphy et al., 2006; IOM, 2000). This analysis requires the use of 
usual intake, rather than observed intake, to limit over- or underestimation of the prevalence 
of nutrient inadequacy (Gibson, 2005). While observed intake is the actual data collected 
using a dietary intake assessment method, usual intake can only be collected in this way if 
the collection period spans several days, weeks, months, or years, depending on what 
nutrient is being recorded (Gibson, 2005; Basiotis et al., 1987). However, it is possible to 
get a more accurate measure of usual intake based on three repeated 24-hour recalls by 
applying statistical modelling to observed intake data to correct for inter and intra-
individual variability (Gibson, 2005; Murphy & Poos, 2002; IOM, 2003). The detail of the 
statistical modelling is explained as part of Section 3.5 (Statistical procedures and analysis) 
 
Interpretation of dietary adequacy using the South African Food Based Dietary 
Guidelines 
 
Analysis according to the FBDG was done in Excel spreadsheets using the following steps: 
 All food items consumed were categorised into one of thirteen food groups (Milk and 
milk products; Nuts and seeds; Fats and oils; Fruit juice; Legumes and legume 
products; Meat and meat products; Fish and seafood; Eggs; Cereals and cereal 
products; Sugar, syrups and sweets; Fruit; Vegetables; Roots) (Table 3.4) 
 The average serving sizes for each food item was entered based on serving sizes 
recommended by the FBDG. 
 For each item, the actual intake was divided by the average serving size to calculate 
the number of portions of each food item.  In this way, discrepancies between dry 
cereals and cooked cereals were compensated for (e.g. 100g of cornflakes equals just 
over three portions, while 100g of cooked oats equals one portion). 
 Where complex food items were concerned (e.g. cottage pie or baked goods), the 
contribution to number of portions was split among two or three broad food categories 
in a ratio compatible with the macronutrient distribution of each food item. For 
example: Cottage pie has a suggested serving size of 120g. A 240g serving of cottage 
pie would equal 2 portions. Based on the macronutrient distribution of cottage pie, 
these portions contributed 3/5 to the “Roots” group, and 2/5 to the “Meat and meat 
products” group, equating to 1.2 portions of roots, and 0.8 portions of meat. 
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 The number of portions was summed for each of the 13 broad food groups. The food 
groups were then collated into six food groups that represent six of the FBDG, and the 
total number of portions for these groups was calculated by adding the number of 
portions for the broad food groups that were collated (Table 3.4). 
 
 TABLE 3.4 Categories as per the South African food based dietary guidelines 






Make starchy foods the basis of most meals Starch 1607.7 10.6 
Eat plenty of vegetables and fruit every day Vegetables and Fruit 453.6 3.0 
Eat dry beans, split peas, lentils and soya 
regularly 
Dry beans, split peas, 
lentils, soy 
52.0 0.3 
Chicken, fish, meat, milk or 
eggs can be eaten daily 
Meat, poultry, fish, 
eggs 
577.8 3.8 
Milk 182.7 1.2 
Eat fats sparingly Fats 1479.2 9.7 
Use food and drinks containing 
sugar sparingly and not between meals 
Sugar 1169.8 7.7 
Use salt and foods high in salt sparingly Salt - - 
 
 The number of eaters was calculated by counting each individual that consumed a 
food item at least once within the three recorded days. 
 The number of eaters was divided by the total sample size (n=152) and multiplied by 
100 to give the percentage of eaters. 
 The total quantity was calculated as the sum of every serving size (grams) for every 
time that that food item was consumed. 
 The total mean portion size (grams) per eater per day was calculated by dividing the 
total quantity consumed by the number of eaters, divided by three days. 
 The portion per capita was calculated by dividing total quantity consumed of a 
particular food item by the total sample size (n=152), divided by three days. 
 The % of daily TE was calculated by dividing the energy provided by each food item 
with the total energy provided by all foods consumed combined. 
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 The total portions per capita were calculated by dividing the total number of portions 
consumed by the total number of participants in the study sample (n=152) (Table 3.5). 
 
































181 625.5 1605.5 152.0 100.0 10.6 398.3 398.3 10.6 
Roots 90g 66 904.7 247.8 147.0 96.7 1.7 151.7 146.7 1.6 
Fruit 80g 77 192.5 287.8 127.0 83.6 2.3 202.6 169.3 1.9 
Vegetables 80g 39 337.0 165.8 144.0 94.7 1.2 91.1 86.3 1.1 
Meat and meat 
products 
40g 64 055.5 480.3 152.0 100.0 3.2 140.5 140.5 3.2 
Fish and seafood 60g 6 302.5 32.3 58.0 38.2 0.6 36.2 13.8 0.2 
Eggs 50g 9 770.5 65.1 75.0 49.3 0.9 43.4 21.4 0.4 
Legumes and 
legume products 
100g 15 566.0 52.0 70.0 46.1 0.7 74.1 34.1 0.3 




94 361.5 182.7 147.0 96.7 1.2 214.0 206.9 1.2 
Fats and oils 5g 8 971.0 1475.8 146.0 96.1 10.1 20.5 19.7 9.7 
Nuts and seeds 15g 154.0 3.4 7.0 4.6 0.5 7.3 0.3 0.0 
Sugar, syrups and 
sweets 
10g 134 581.0 1115.1 152.0 100.0 7.3 295.1 295.1 7.3 
Fruit juice 125mL 9 932.5 54.7 34.0 22.4 1.6 97.4 21.8 0.4 
Per capita calculation: Portion per capita was calculated by dividing the total quantity of the food item consumed by the total 
study sample size respectively. 
 
Interpretation of dietary adequacy using the nutrient adequacy ratio (NAR) and  
mean adequacy ratio (MAR) 
The NAR and MAR are two ratios that can also be used to gauge the adequacy of dietary 
intake. The NAR was calculated for each participant by dividing observed intake of a nutrient 
by the recommended intake according to the EAR for the same nutrient (Steyn et al., 2005). 
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This was done for all nutrients assessed in the study. A value of 100% indicates that intake is 
the same as recommendations (Steyn et al., 2005). 
 
The MAR was calculated for each participant by adding each NAR (to a maximum of 100%), 
and dividing it by the number of nutrients analysed. The MAR gives a measure of the overall 
adequacy of the diet. As with the NAR, a value of 100% indicates that intake is the same as 
recommendations, and thus adequate (Steyn et al., 2005).  
 
3.4.3 Dietary diversity and variety 
Dietary Diversity Score 
The dietary diversity score (DDS) gives an indication of the number of food groups 
consumed per day by a participant (Hatloy et al., 1998; Steyn et al., 2005), regardless of the 
amount consumed from any specific food group. It is evident that DDSs calculated in 
previous studies differed in terms of the number of food groups as well as type of food 
groups included in these scores. We have calculated two different DDSs to assess both 
household and individual DDSs (Kennedy et al., 2012). Firstly, the number of different food 
groups consumed in each of the 24-hour recall periods was calculated for each participant by 
assigning each food item consumed to one of the following food groups to assess household 
DDS: 1) milk and milk products 2) nuts, seeds, legumes and legume products 3) fats and oils 
4) meat, meat products, fish, and seafood 5) eggs 6) cereals and cereal products 7) vegetables 
and 8) fruit. Sugar, syrups, sweets, fruit juices as well as tea and coffee were not included in 
the DDS calculation because these items do not add diversity to dietary intake in pregnant 
women, and the majority of other studies also do not include this (De Cock et al., 2013). 
Secondly, the same procedure was followed to calculate individual DDS using different food 
group categories, namely: 1) milk and milk products 2) nuts, seeds, legumes and legume 
products 3) fats and oils 4) meat, meat products, fish, and seafood 5) eggs 6) cereals and 
cereal products 7) vitamin A-rich fruit and vegetables and 8) other fruit (excluding fruit juice) 
and 9) other vegetables.  This was done to enable comparison with a variety of other studies 
done using the DDS where vitamin A-rich fruits and vegetables were calculated separately to 
other fruits and vegetables. The number of different food group categories included in each 
participant’s daily intake was then calculated for each 24-hour recall period, and an average 
over the three days was then calculated. No established cut-off points are available (Kennedy 
et al., 2012), but the majority of studies assessed used a score below four as being indicative 
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of poor dietary diversity, and poor food security (Drimie et al., 2013; Labadarios et al., 2011; 
Oldewage-Theron & Kruger, 2011; Steyn et al., 2006; Hatloy et al., 2000). 
 
 Variety of intake 
Variety of dietary intake was assessed by identifying the most commonly consumed foods, 
and ranking of foods based on contribution to total energy and macronutrient intakes. The top 
20 most commonly consumed foods were based on foods consumed by the highest 
percentage of the study sample (not considering the quantity consumed). This was done for 
all food items combined, as well as for fruits and vegetables specifically. Similarly, the top 
ten foods contributing to energy, total protein, carbohydrates and fat, as well as fibre and 
added sugar intake was based on which foods contributed the highest total kilojoules in the 
case of energy and grams in the case of the nutrients. For these purposes, all data was sorted 
by food type, summing the specific nutrient value (e.g. protein) of each food, and then 
ranking the food items by this total nutrient value. For each of these nutrients the number and 
percentage of eaters was calculated for each food item. From this, the average portion per 
eater was calculated by dividing the total quantity of the food item consumed, by the number 
of people that consumed that specific food item. This was divided by three to give the 
average portion per eater per day. Portion per capita was calculated by dividing the total 
quantity of the food item consumed by the total study sample size respectively.  
 
The same process was followed for adults and adolescents separately, and differences were 
displayed between the two groups by means of a rank column.  
 
3.5 Statistical procedures and analysis 
The data on socio-demographic, anthropometric and nutrient intake variables were entered in 
excel spreadsheets and cleaned prior to analyses. Statistica Version 12 (StatSoft Inc. 2014) 
and Microsoft Office Excel 2007 was used to analyse the data. Kolmogorov-Smirnoff and 
Shapiro-Wilk tests were used to check for normality of the data. Where necessary, natural log 
and square root transformations were done to improve normality of the macro- and 
micronutrient content derived from the 24-hour recalls. Categorical variables were described 
using frequencies, while means, standard deviations, medians and inter-quartile ranges were 
used for numerical variables. Comparisons between adolescent and adult participants were 




A process developed by the National Research Council (NRC) and IOM to decrease the 
prevalence of inadequate and excessive intakes, namely data shrinking, was applied as 
follows to all nutrient variables (IOM, 2003; Naude, 2012): 
 
1. A one-way ANOVA test was applied to the normalised data to generate the observed 
variance and within-person variance.  
2. The observed and within-person variance were divided by the number of days of 
intake data (three), giving the observed variance and within-person variance for each 
of the distributions. 
3. Within-person variance was subtracted from observed variance, and divided by three 
(number of days of intake), to give an estimated between-person variance. Between-
person variance represents the ‘true’ variance of the distributions of usual intakes. 
4. Standard deviations were calculated for between-person variance and observed 
variance by using their square roots. 
5. To calculate each participant’s adjusted intake from mean intake: 
Adjusted intake = [(participant’s mean – group mean) x (SD between/ SD 
observed)] + group mean 
 
Macro- and micronutrient intakes were compared with recommendations by using the EAR 
cut-point method, and was carried out by a statistitian at the MRC.  Frequencies of intakes 
below the EAR reflect the risk of inadequate intake (IOM, 2000).  The frequencies of usual 
intakes below the EAR were compared between adults and adolescents using Chi-square and 
Fisher’s exact tests to determine any significant differences.  
 
Correlation matrices (Pearson’s for normally distributed and Spearman’s for non-normally 
distributed data) were constructed for macro- and micronutrients and socio-demographic 
variables, nutrients and anthropometric variables, as well as for socio-demographic and 
anthropometric variables.  
 
Comparisons between adolescent and adult DDS, NAR and MAR were performed using Chi-
square and Fisher’s exact tests.  
 




3.6 Ethical considerations 
The study was approved by the Human Research Ethics Committee of the University of Cape 
Town, and the Stellenbosch University Research Ethics Committee (HREC REF: 401/2012).  
The consent form reflects providing consent for the dietary validation study and the 
collection of three 24-hour recalls. 
 
Informed consent was obtained from each participant after a full and adequate oral and 
written explanation of the study was provided by the investigator (Addendum B). 
Participation was voluntary, and subjects were able to withdraw from the study at any stage 
without stating a reason.  Each participant was assigned a code by the main PASS study 
fieldworkers on recruitment and this code was used to ensure anonymity when entering data 




























A healthy pregnancy outcome encompasses any situation in which a healthy child is 
delivered safely, and neither mother nor child suffers any life-threatening complications 
(Kaiser & Campbell, 2014; Gravett & Rubens, 2012). Socio-demographic factors and the 
anthropometric status of the mother before and during pregnancy have been shown to 
influence pregnancy outcomes (Kaiser & Campbell, 2014). Pre-pregnancy under- or over-
weight has been shown to result in various adverse pregnancy outcomes, including but not 
limited to preterm birth (Hoellen et al., 2014), low birth-weight (LBW) (Jeric et al., 2012; 
Calvo & Lopez, 2012), small-for-gestational age (SGA) (Han et al., 2010), autism (Moss & 
Chugani, 2014) and cardiac defects (Calvo & Lopez, 2012). Some studies have shown 
pregnancy outcome to be adversely affected by poorer socio-economic status, lower 
educational levels (Luo et al., 2006; Savitz et al., 2004; Kramer et al., 2000; Meis et al, 
1995), and lower income (Luo et al., 2006; Tuntiseranee et al., 1999). Both adolescents and 
older women (≥35 years of age) may be at increased risk for poorer pregnancy outcomes 
(Laopaiboon et al., 2014; Calvo & Lopez, 2012; Mills & Lavendar, 2010; Baker et al., 2009). 
 
Insights in the anthropometric status and socio-demographic characteristics of pregnant 
women can advise the development and implementation of intervention strategies to address 
risks for poor pregnancy outcomes (Northstone et al., 2008; De Irala-Estevez et al., 2000; 
Barker et al., 1990). No studies on the profile of and associations between anthropometric 
status and socio-demographic factors of pregnant females of different age groups in South 
Africa have been published, despite the fact that poor socio-economic factors affect the 
majority of the population (Shisana et al., 2013). Because communities and their 
circumstances vary, it is ideal to assess such associations in target communities to ensure 
relevance and appropriateness of interventions (Gibson, 2005). 
 
The aim of this study was 1) to assess, describe and compare the socio-demographic profile 
and anthropometric status of adolescent and adult pregnant females attending the Bishop 
Lavis MOU, and 2) to investigate associations between these variables in the total group and 






The mean age of the participants in this study was 25.4 years (Table 4.1), ranging from 16.1 
to 41.6 years. One in five women were classified as having a teen pregnancy (<19 years of 
age), while almost 10% were of advanced maternal age (≥35 years of age). All participants 
were of mixed ancestry. The majority of the sample was either married or in a relationship, 
and had fewer than 10 years of formal education. A total of only 19% of the study sample 
completed secondary education or had a tertiary qualification. The lowest level of schooling 
was grade 6. The majority of participants had an average monthly household income less than 
R5 000 which was used to support four or more individuals in the household. No significant 
differences were found between adolescent and adult participants for any of the socio-

















TABLE 4.1 Socio-demographic profile of the total study sample (n = 152) 
 n Mean (SD) % 
Maternal age, years 152 25.4 (6.2)  
Maternal age categories    
< 19 years 30  19.7 
19 – 25 years 47  30.9 
26 – 35 years 63  41.4 
35 years and older 12  7.9 
Married/ partnered (% yes) * 142  93.4 
Years of formal education categories 152 9.8 (1.59)  
Formal education categories    
Grade 7 or lower 14  9.2 
Grade 8 – 10 89  58.6 
Grade 11  20  13.2 
Grade 12 25  16.4 
Tertiary education 4  2.6 
Monthly household income categories 151   
Don't know 32   21.2 
0 – 500 7   4.6 
501 – 2 000 32  21.2 
2 001 – 5 000 48   31.8 
≥ 5 001 32   21.2 
No. of individuals supported 150 5.03 (2.56)  
No. of individuals supported categories    
≤ 3 72  48.0 
4 -5 27  18.0 
≥ 6 51  34.0 
Abbreviations: No. = number    SD = standard deviation 
* Remainder unmarried/ not partnered 
 
Gestational age 
Twenty-six (17.1%) of the participants were below 93 days gestational age, and were thus 
classified as being in the first trimester of pregnancy, while the majority of participants 
(82.9%) were classified as being in the second trimester of pregnancy. The mean (SD) 
gestational age of the study sample was 114.6 (18.2) days. Gestational age was the same 






Only 53.3% of participants knew their pre-pregnancy weight. These participants’ mean pre-
pregnancy BMI was classified in the normal range (Table 4.2). The pre-pregnancy BMI of 
one in three participants was classified as overweight or obese. The pre-pregnancy BMI of 
the majority of the adolescents and half of the adults was classified as normal. The adults had 
a significantly higher mean pre-pregnancy weight and BMI, as well as recruitment weight 
and BMI compared to the adolescents (Table 4.2).  
 
Weight change from pre-pregnancy weight to weight at recruitment ranged from -5.7 kg to 
26.5 kg in the adolescents, and -14.8 kg to 24.2 kg in the adults. In the total group, 
underweight women gained the most weight followed by normal weight women. There were 
no significant differences between adolescent and adult participants for mean weight change 
per BMI category. Only 15.2% of the participants gained weight within the recommended 
guidelines for their gestational age at recruitment and pre-pregnancy weight status category, 














TABLE 4.2 Anthropometric profile of the total study sample (n = 152), and comparisons 
between adolescent and adult participants 
 TOTAL GROUP ADOLESCENTS ADULTS  
 n Value n Value n Value p 
Height (mm), Mean (SD) 149 † 1585.0 (58.8) 30 1580.9 (73.4) 119 1586.1 (54.8) 0.6684 ɤ 
Pre-pregnancy weight (kg)*, Mean (SD) 81 59.5 (15.0) 14 51.7 (7.6) 67 61.1 (15.6) 0.0311 ɤ 
Pre-pregnancy BMI (kg/m2)*, Mean (SD) 79 23.7 (5.8) 14 20.8 (3.2) 65 24.3 (6.1) 0.0372 ɤ 
Pre-pregnancy BMI categories ǂ,  column %        
Thinness / Underweight  10 12.7 1 7.1 9 13.8 0.1700 ƈ 
Normal weight  45 57.0 12 85.7 33 50.8  
Overweight  10 12.7 1 7.1 9 13.8  
Obese (class I) 10 12.7 0 0.0 10 15.4  
Obese (class II+) 4 5.1 - - 4 6.2  
Weight at recruitment (kg), Mean (SD) 149 61.8 (15.1) 30 55.9 (12.0) 119 63.3 (15.5) 0.0161 ɤ 
BMI at recruitment (kg/m2), Mean (SD) ¶ 149 24.8 (5.9) 30 22.4 (4.6) 119 25.2 (6.0) 0.0184 ƈ 
Weight gain (kg), Mean (SD) § 79 3.8 (7.3) 14 2.8 (8.4) 65 4.0 (7.1) 0.5766 ɤ 
Weight gain (kg) Mean (SD) by pre-pregnancy 
BMI category 
       
Underweight 10 8.4 (4.9) 1 26.5 9 6.4 (4.9) 0.0069 ɤ 
Normal weight 45 3.8 (6.3) 12 1.1 (3.7) 33 4.8 (6.4) 0.1651 ɤ 
Overweight 10 1.9 (4.2) 1 0.2 9 2.1 (4.4) 0.0802 ɤ 
Obese 14 2.0 (10.5) 0 0.0 14 2.0 (10.5) - 
Adequacy of weight gain (kg) by 
recommendations ††, n (%) 
       
Insufficient gain 31 39.2% 8 57.1% 23 35.4% 0.2897 ƈ 
Adequate gain 12 15.2% 1 7.1% 11 16.9%  
Excessive gain 36 45.6% 5 35.7% 31 47.7%  
Abbreviations: BMI = Body Mass Index    SD = Standard deviation 
† Height was not taken for three participants 
¶ Allocation to WHO BMI categories not appropriate during pregnancy 
*Based on self-reported pre-pregnancy weight 
ǂ BMI classifications: Adolescent: Severe thinness (below -3SD) (combined with thinness) Thinness (below -2SD), Normal  
weight, Overweight (above +1SD), Obese (above +2SD) (WHO 2006b; Cole et al., 2000 – classification used by  
Cole et al. (2000) is the same as that set out by the WHO, except “severe thinness” and “thinness” will be  
classified as “underweight”).    Adult BMI classifications: Underweight (<18.5kg/m2), Normal weight (18.5 – 24.9  
kg/m2), Overweight (25 – 29.9 kg/m2),  Obese class I (30 – 34.9 kg/m2), Obese class II (≥35 kg/m2) (WHO, 2006b) 
§ Weight gain = weight at recruitment – self-reported pre-pregnancy weight 
†† Interpreted using recommendations for adequate weight gain in pregnant women using gestational age at recruitment 
(IOM, 2009) 
ɤ  Independent samples T-test  ƈ  Pearson’s Chi-square test  
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The mean MUAC of the total group was classified in the “no risk for malnutrition” category, 
while almost one in six participants were classified as having either a strong indication or 
high risk for malnutrition. Adolescents had a significantly lower mean MUAC, and were 
significantly more likely to be classified in the “risk for malnutrition” category compared to 
adults (Table 4.3).  
 
The means of the TSF, AMA and AFA are presented in Table 4.3. Almost 30% of 
participants were classified as “risk of poor pregnancy outcomes” according to AFA 
categories. Adolescents had a significantly lower cAMA and AFA than adults (Table 4.3). 
 
TABLE 4.3 Arm anthropometry of total study sample (n=152) and comparisons between 
adolescent and adult participants 
 TOTAL GROUP ADOLESCENTS ADULTS  
 n Value n Value n Value P 
TSF (mm), Mean (SD) 146 24.9 (9.5) 29 22.7 (6.9) 117 25.4 (9.9) 0.1574 ɤ 
MUAC (cm), Mean (SD) 152 26.8 (6.5) 30 25.2 (3.1) 118 28.1 (5.0) 0.0036 ɤ 
MUAC (cm) categories        
<22  High risk of malnutrition, LBW, adverse outcomes 8 5.4% 2 6.7% 6 5.1% 0.0120 ƈ 
<23  Strong indication of malnutrition 13 9.5% 3 10.0% 11 9.3%  
<25  Warning indicator for malnutrition 29 19.6% 12 40.0% 17 14.4%  
≥25  No risk 97 65.5% 13 43.3% 84 71.2%  
cAMA (cm2), Mean (SD) 146 24.8 (9.1) 29 19.8 (4.4) 117 26.0 (9.5) 0.0009 ɤ  
AFA (cm2), Mean (SD) 146 30.8 (16.3) 29 25.7 (11.0) 117 32.2 (17.1) 0.0342 ɤ 
AFA (cm2) categories*        
<20cm2 – Risk of poor pregnancy outcome 42 28.8% 10 34.5% 32 16.2% 0.4475 ƈ 
≥20cm2  104 71.2% 19 65.5% 85 43.2%  
Abbreviations: AFA =  Arm Fat Area    cAMA =  Corrected Arm Muscle Area    MUAC =  Mid-Upper Arm 
Circumference    TSF =  Triceps Skinfold 
* AFA categories as suggested by Friis et al., 2004 
ɤ Independent samples T-test  ƈ  Pearson’s Chi-squared test  
 
Correlations 
A correlation matrix between select socio-demographic and anthropometric variables is 
presented in Table 4.4. Variables for which no significant correlations were found for the 
total group and within the adolescent and adult groups were not included in the tables below. 
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A significant negative correlation was found between number of individuals supported by the 
household income and number of years of formal education. An older maternal age was 
significantly correlated with higher pre-pregnancy weight, recruitment weight, BMI, and 
MUAC.  There were no other significant correlations between other socio-demographic 
variables and anthropometry. 
 
Significant positive correlations were also evident between pre-pregnancy weight and pre-
pregnancy BMI, recruitment weight and BMI, TSF, MUAC, cAMA, and AFA; and also 
between pre-pregnancy BMI and recruitment weight and BMI, TSF, MUAC, cAMA and 
AFA. A higher pre-pregnancy BMI was correlated with a greater AFA. A greater height at 
recruitment was significantly correlated with higher pre-pregnancy and recruitment weights. 
Gaining more weight from pre-pregnancy to recruitment was significantly associated with a 
lower pre-pregnancy weight and BMI and a higher recruitment weight, BMI, MUAC and 



































t (kg/m2)  








-0.1777 0.0337 -0.0240 0.0632 0.1184 0.0417 0.1104 0.0349 -0.0696 0.0621 
p=0.0296 p=0.7651 P=0.8337 p=0.4436 p=0.302 p=0.6135 p=0.1831 p=0.6738 p=0.4036 p=0.594 
Maternal Age 
(years) 
 0.2633 0.2208 0.3549 0.1229 0.3181 0.2149 0.3727 0.4100 0.2900 




 0.3321 0.0099 0.2095 0.1363 -0.1152 0.1184 -0.0493 -0.0292 0.0890 




 0 0.9284 0.8599 -0.2008 0.7912 0.7350 0.7672 0.5686 0.8117 




  0 0.7725 -0.2620 0.8356 0.7246 0.7783 0.5896 0.7979 




   0 0.2856 0.9342 0.8215 0.9131 0.7462 0.8922 
    p=0.011 p=0.0000 p=0.0000 p=0.0000 p=0.000 p=0.000 
Weight 
change 
    0 0.3035 0.2021 0.2843 0.2515 0.1658 
     p=0.0065 p=0.076* p=0.0117 p=0.0263 p=0.152 
BMI at 
recruitment 
     0 0.8445 0.9486 0.7741 0.8966 
      p=0.0000 p=0.0000 p=0.000 p=0.000 
TSF (mm) 
      0 0.8822 0.4740 0.9718 
       p=0.0000 p=0.000 p=0.000 
MUAC (mm) 
       0 0.8143 0.9612 
        p=0.0000 p=0.000 
cAMA 
(cm2) 
        0 0.6708 
         p=0.000 
Abbreviations: cAMA = Corrected Arm Muscle Area     MUAC = Mid-Upper Arm Circumference    TSF = Triceps 
Skinfold 
Spearman’s test used for all correlation analyses except where marked with * where Pearson’s correlation tests were used 
Variables for which no significant correlations were found for the total group and within the adolescent and adult groups 
were not included in the table 
 
4.3 Discussion  
The study sample was drawn from a population of pregnant adolescent and adult participants 
attending a community health centre in a low socio-economic area where income and 
education levels can be expected to be low. Based on the 2011 South African Census report, 
the household income of the majority of women in our sample (78.8% had income <R5 000) 
can be classified below the average monthly household incomes of South Africa as a whole 
(R8 600) or those living in the Western Cape (R11 955). Furthermore, 5.8% of the women 
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had very low household incomes of less than R500 per month. These results point to the fact 
that the majority of participants have a low socio-economic status, which may impact 
negatively on food security and access to a variety of food choices (Olsen & Strawderman, 
2008; Sobal & Stunkard, 1989). The possible lack of household food security is supported by 
the fact that the already limited incomes were used to support an average of three to four 
people in the majority of cases. This is in line with South African and Western Cape statistics 
of 3.6 people per household (Census 2011). However, no significant associations were found 
between income, the number of people supported by income, and the anthropometric 
variables of study participants indicating that household income may not be impacting on the 
weight status of pregnant adolescent and adult participants in the area as could have been 
expected (Duflo, 2003). It needs to be noted that the more individuals who were supported by 
the household income, the lower the level of formal education of study participants was. The 
average number of years of formal education of 9.8 in our sample is in line with the 9.75 
reported for the same age group of adolescent and adult participants in the 2003 SADHS 
(Department of Health, 2007) with none of our participants reporting no education. The 
lowest level of education reported in our sample was six years of schooling, whereas the 
SADHS and SANHANES reported that 12.2% and 7.1% of women respectively had none. 
The general level of formal education is relatively low, with only 19% of the study sample 
having completed secondary education, compared to the 32.3% reported by SANHANES 
(Shisana et al., 2013).  
 
Pre-pregnancy weight and BMI are determinants of maternal health and nutritional status 
during pregnancy with a healthier pre-pregnancy weight status being associated with a greater 
chance of a healthy pregnancy and pregnancy outcome (Moss & Chugani, 2014; Tanaka et 
al., 2014; Calvo & Lopez, 2012; IOM, 2009). Obtaining reasonable estimates of pre-
pregnancy weight in our sample proved to be challenging. Only 52% of the participants were 
able to provide information on pre-pregnancy weight (14 adolescents and 65 adults).   
Evidence shows that self-reported weight, height and BMI are generally strongly correlated 
with actual weight, height and BMI (r>0.9). However, subjects tend to underestimate their 
weight, resulting in underestimation of BMI and subsequent misclassification according to 
BMI categories (Spencer et al., 2002; Rossouw et al., 2000; Yoong et al., 2013; Gunnare et 
al., 2013; Niedhammer et al., 2002). Factors that have been found to influence accuracy of 
reporting (increased likelihood of under-reporting) include being female and heavier (Spencer 
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et al., 2002; Kolvalchik, 2008; Gunnare et al., 2013; Rossouw et al., 2000), time elapsed 
(Kolvalchik, 2008), age, end-digit preference, being an adolescent, lower level of education 
and lower grades of occupation (Spencer et al., 2002; Niedhammer et al., 2000). Yoong et al. 
(2013), Rossouw et al. (2001) and Niedhammer et al. (2000) agree that as a result of potential 
under-reporting of weight at an individual level, results of the classification of individuals 
according to BMI should be interpreted with caution. In our study we used self-reported 
weight to classify participants according to BMI categories and to calculate weight gain from 
conception to recruitment on an individual basis. All the results involving this variable should 
thus be interpreted with caution, especially also because the sample included females of 
lower levels of education and thus possibly lower levels of occupation. 
 
The pre-pregnancy weight of almost half (43%) of the participants who gave a pre-pregnancy 
weight did not fall within the ideal weight range. One in eight (12.7%) participants were 
classified as underweight while 30.4% were classified as overweight. Although no South 
African data regarding pre-pregnancy weight status is available, large cohort studies done in 
Europe and the United States reported a lower prevalence of underweight of 2.9% in the 
National Norwegian Mother and Child Cohort Study (Haugen et al., 2014) and 5.5% in the 
Florida Birth Defects Register and the Florida singleton birth cohort (Block et al., 2013; 
Thompson et al., 2013). Data from developing countries is scarce, but some analyses have 
shown that women in developing countries with low pre-pregnancy weight have an increased 
risk of preterm labour (Han et al., 2011; Neggers, 2015) and IUGR (Neggers, 2015), but not 
of delivering LBW infants (Neggers, 2015). Our study’s overweight prevalence was higher 
than the 17.8% reported for the Norwegian sample (Haugen et al., 2014) but lower than the 
42.5% reported for the USA sample (Block et al., 2013; Thompson et al., 2013). These 
results may reflect on the double burden of overweight and underweight in developing 
countries such as South Africa (Toriola et al., 2012)  
 
Adolescent pregnancy (younger than 19) or pregnancy at advanced maternal age (older than 
35 years) may significantly influence health outcomes of the mother and foetus and/or infant, 
both during and after pregnancy. It is thus concerning that 27.6% of participants in our 
sample were in these risk age groups, although the proportion is slightly lower than the 
approximate 42% reported in the 2003 SADHS (SADHS, 2007). This proportion is much 
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lower in the study by Jaffer et al. (2008) who had only 13.8% of their sample falling in these 
at-rsik categories.  Women older than 35 years have an increased risk for hypertension, 
miscarriage, ectopic pregnancy (Mills & Lavendar, 2010; Yogev et al., 2010; Huang et al., 
2008), stillbirth, pre-term delivery, caesarean delivery (Laopaiboon et al., 2014; Flenady et 
al., 2011; Aliyu et al., 2008), macrosomia (Kenny et al., 2013), and LBW (Aliyu et al., 2008; 
Joseph et al., 2005). In our study older maternal age was significantly associated with higher 
pre-pregnancy weight, recruitment weight, BMI, MUAC, cAMA and AFA all of which 
reflect increased risk for obesity (except cAMA), which may result in further increased risks 
of the above mentioned adverse pregnancy outcomes.  
 
It is well known that adolescence is a period of rapid development and tissue and bone 
growth, which increases nutritional requirements (Williamson, 2006). Addition of the 
increased requirements of pregnancy places pregnant adolescents and their foetuses, at high 
risk of malnutrition and adverse pregnancy outcomes. Our results show that adolescent 
participants had a poorer nutritional status than the adult participants as their mean pre-
pregnancy weight and BMI, as well as recruitment weight, BMI, MUAC, cAMA and AFA 
were significantly lower than that of adults. 
 
Interpretation of BMI in pregnant women in terms of weight status categories is inappropriate 
as classification cut-offs are not available for pregnancy. Mid upper arm circumference has 
been shown to be strongly correlated with body weight which makes it a suitable replacement 
or proxy for BMI in the assessment of weight status in individuals (Ogbonna et al., 2007; 
Thame et al., 2007; Kelly et al., 1996; Pelletier et al., 1995; James et al., 1994). This 
relationship remains evident during pregnancy (Calvo & Lopez, 2012; Lopez et al., 2011), as 
was found in our study, namely that increasing BMI was associated with increasing MUAC. 
Interpretation of nutritional status based on MUAC in pregnant females is possible as criteria 
are available to classify these individuals as “high risk”, “strong indicator” or “warning” of 
malnutrition, LBW and adverse outcomes (Kruger, 2005). MUAC during early pregnancy has 
been reported to be a better predictor of prematurity (Liljestrand & Bergström, 1991) and 
LBW (Lopez et al., 2011; Ojha & Malla, 2007; Kruger, 2005) than maternal weight gain or 
BMI. It is thus concerning that adolescents in our study were significantly more likely to have 
a MUAC classified in the “warning” category for malnutrition. The pregnant adolescents may 
115 
 
thus be more at risk of having a preterm delivery, or giving birth to LBW and SGA babies 
(Calvo & Lopez, 2012; Baker et al., 2009; Chen et al., 2007). 
 
Arm and skin-fold measurements other than MUAC can also be analysed in combination 
with weight to give an indication of body composition (subcutaneous fat stores and muscle 
mass) (Widen & Gallagher, 2014; Lee & Nieman, 2010) and maternal nutritional status 
(Widen & Gallagher, 2014; Lopez et al., 2011). The higher TSF, cAMA and AFA were 
significantly associated with higher pre-pregnancy and recruitment weight, MUAC, BMI and 
with weight change (except TSF and AFA). Although no specific interpretation criteria for 
TSF and cAMA are available for pregnant women, the mentioned associations generally 
support the insights gained in the nutritional status of participants based on MUAC. 
According to the guidelines by Friis et al. (2004), 30% of the study participants are at 
greater risk for poor pregnancy outcomes. Widen and Gallagher (2014) and Calvo and 
Lopez (2012) agree that more research is needed to identify meaningful changes in these 
measurements throughout pregnancy. 
 
Adequate weight gain during pregnancy is an important determinant of pregnancy outcome 
infant health and health status later in life (Ehrenthal et al., 2014). Pre-pregnancy weight 
status and number of foetuses being carried determines how much weight a woman should 
gain during pregnancy to decrease the risk of adverse outcomes (Ehrenthal et al., 2014; IOM, 
2009). Monitoring BMI and weight during pregnancy can give an indication of foetal growth 
and health (Calvo & Lopez, 2012; Lopez et al., 2011). Only 15.2% of the study participants 
who provided pre-pregnancy weight estimates (11 adults and one adolescent) gained weight 
within their specific recommended guidelines based on their pre-pregnancy BMI status, while 
45.6% gained too much weight. Participants that were classified as underweight before 
conception gained almost twice as much weight than those who were normal weight at that 
point. Participants that were overweight or obese before conception gained approximately 
50% less weight than those who were normal weight. These findings are reflected in the 
negative association found between weight gain and pre-pregnancy BMI which has been 
shown in several other studies (Heude et al., 2012; Nohr et al., 2009; Dietz et al., 2006; 
Edwards et al., 1996). While this trend is in line with recommendations for weight gain, it is 
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concerning that more than half of the adolescents gained insufficient weight during the first 
trimester of their pregnancy. It should also be noted that in contrast to these findings positive 
associations between weight gain and recruitment weight, BMI, MUAC and cAMA were 
found. Furthermore, the large standard deviations in weight gain – most probably as a result 
of weight losses of up to 14.7kg and gains of up to 26.5kg, which were calculated based on 
self-reported pre-pregnancy weight – speak to the possibility that the self-reported pre-
pregnancy weights may not be accurate and that the results concerning weight gain need to be 
interpreted with caution.   
 
Bearing in mind the limitation of self-reporting in general and those relating to self-reported 
weight specifically, it can be concluded that the study sample was characterized by a number 
of indicators that reflects lower socio-economic status, but that these indicators do not seem 
to be associated with the weight status of the adolescent and adult participants. Furthermore, 
adolescents seemed to be less well-nourished than adults, who may, in turn, be more likely to 
be overweight or obese. Nutrition interventions for pregnant adolescents should thus focus on 
ensuring sufficient nourishment for optimal growth and weight gain, while prevention of 
excessive weight gain during pregnancy and post-partum weight retention should be the focus 






















Adequate dietary intake during pregnancy plays an important role in healthy pregnancy 
outcomes for both mother and foetus (NHMRC, 2013). Energy requirements increase from 
the first to the second and the second to the third trimesters, and protein and carbohydrate 
requirements increase from the first trimester of pregnancy. However, micronutrient 
requirements increase to a greater extent, necessitating a high nutrient-dense diet (IOM, 2002; 
2005).  
 
Adequacy of dietary intake of individuals, groups and populations can be assessed and 
expressed in terms of energy and nutrient recommendations as prescribed in the Dietary 
Reference Intakes (DRIs), quality of food choices and compliance with recommended 
number of servings consumed per food category when compared to food based dietary 
guidelines (FBDG) and nutrient adequacy ratios (NARs). Assessment of the adequacy of 
dietary intake determines the risk of deficiency of macro- and micronutrients under 
investigation, as well as the risk for development of non-communicable diseases. 
 
Only seven studies could be traced that investigated the dietary intake of pregnant women in 
various regions in South Africa (Bopape et al., 2008; Jaffer et al., 2008; Kesa & Oldewage-
Theron, 2005; Mostert et al., 2005; Tshitaudzi, 2003; Klinger, 2004; Mamabolo et al., 2004).  
Of these, only four analysed the diet for energy and macro- and micro-nutrients (Kesa & 
Oldewage-Theron, 2005; Mosteret et al., 2005; Tshitaudzi, 2004; Klinger, 2004), while other 
studies focused on a few specific nutrients only (Bopape et al., 2008; Mamabolo et al., 2004) 
or only assessed frequency of intake (Jaffer et al., 2008). When assessing the adequacy of 
dietary intake of a group, the EAR is the most appropriate DRI value to use (Murphy et al., 
2006; Murphy & Poos, 2002). Only one study (Bopape et al., 2008) used the EARs as the 
reference point, while some used % RDA to reflect adequacy (Kesa & Oldewage-Theron, 
2005; Klinger, 2004) and others used <67% RDA as an indicator of inadequacy (Mostert et 
al., 2005; Tshitaudzi, 2003). The different reference ranges used in dietary adequacy makes it 
challenging when comparing results, as does the varying methodologies, sample sizes and 
age of participants. Only one of these studies investigated the energy and nutrient intakes of 
pregnant women in Cape Town (Klinger, 2004). With the South African FBDG having been 
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recently updated in 2012, studies comparing intake to these guidelines may be useful in 
assessing effectiveness of the guidelines. Furthermore, these improved science-based 
guidelines can also provide a means to assess the quality of general population level dietary 
intake. None of the above mentioned studies made direct comparisons to the FBDG. 
 
Several studies have investigated NARs in South African samples (Napier & Oldewage-
Theron, 2015; Steyn et al., 2014; Oldewage-Theron & Kruger, 2010; Steyn et al., 2005). 
However, these were conducted mostly on children and adolescents and no studies have 
assessed the NAR in pregnant women in South Africa. Further studies on the adequacy of 
dietary intake of pregnant women in Cape Town are clearly needed to provide insights to 
advise the development of suitable interventions in order to optimise the nutritional status of 
these individuals, as well as pregnancy outcomes.   
 
This research sets out to investigate the dietary adequacy of pregnant women attending the 
Bishop Lavis MOU in Cape Town in terms of the DRIs, the South African FBDG, NAR and 




The mean observed energy intake of the study sample was 10 168.4kJ with the majority of 
participants not meeting the EER (Table 5.1). However, the mean predicted energy 
requirement calculated using the IOM equations for pregnant adolescent and adult 
participants, was 9 043.7 kJ per day (IOM, 2005). Based on this predicted EER value, only 
34.2% of the study sample had energy intakes lower than the requirements. There were no 
significant differences between adolescent and adult participants for any of the energy 






















Total energy (kJ) 10 168.4 (3147.9) 
9 511.6 
(7 998.0 – 12 099.8) 
11 520.6 b 
9 043.7*  - 
79.6% 
34.2%* - 
Adolescents 10 321.8 (3 096.5) 
9 321.6 
(8 570 – 11 059) 
9 945.6 
9 696.1* - 
56.7% 
53.3%* - 
Adults 10 130.7 (3 171.9) 
9 636.1 
(7 785.8 – 12 224.1) 
11 520.6 
8 879.2* - 
77.9% 
33.6%* - 
Calculated total energy (kJ) 9 043.7    34.2%  
Energy without alcohol (kJ) 10 136.0 (3145.4) 
9 511.6 
(7 998.0 – 12 098.4) - - - - 





(133.8 – 198.1) -  - - - 
Protein (g) 78.8 (28.1) 
75.3 
(63.2 - 90.5) 71.0 
c 10.2% 42.8% 10-15% 
Protein (g/kg) 1.3 (0.6) 
1.2 
(1.0 – 1.6) 0.88
 e - - - 
Total fat (g) 89.9 (34.9) 
85.2 
(65.1 - 111.1) - 46.0% - 20-35% 
MUFA (g) 30.1 (12.8) 
28.1 




PUFA (g) 25.5 (11.2) 
23.2 
(17.5 – 32.2) - 14.8% - 6–10% 
Saturated fat (g) 3.53  (5.59) 
0.68 
(0.03 – 3.71) - 12.3%  - 6–10% 
Cholesterol (g) 264.45 (133.47) 
247.52 
(174.7 – 359.3) - - - - 
Carbohydrates (g) 303.5 (95.4) 
292.5 
(234.3 - 354.2) 135 
e 42.8% 0.0% 55-75% 
Fibre (g) 20.7 (8.8) 
18.5 
(14.6 - 24.9) 28 
d  - 98.0% - 
Added Sugar (g) 89.0 (37.58) 
83.1 
(58.3 – 113.0) - 20.5% - <10% 
Alcohol (g) 1.12 (2.3) 
0.0 
(0.0 – 1.02) 0.0 0.34% - - 
Abbreviations: MUFA = Mono-unsaturated fatty acids;    PUFA = Poly-unsaturated fatty acids;  SD = Standard deviation;  
IQR = Inter-quartile range;   TE = Total energy 
# No significant differences between adolescent and adult participants 
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* Energy requirements calculated for each participant using the IOM EER calculations using age, height, weight, sedentary 
PAL and adolescent/ adult coefficients 
a Institute of Medicine, 2005 
b EER as outlined by Food and Nutrition board of the IOM, 2002, 2005 
c RDA, d AI and e EAR as outlined by Food and Nutrition board of the IOM, 2005 
 
 Validity of energy intake estimate 
In the total sample 18.1% were classified as under-reporters, 55% were classified as accurate 
reporters, and 26.9% as over-reporters (Table 5.2). There was a non-significant trend for 
under-reporting to be more likely in those with a BMI in the obese range, especially those 
with a BMI >35kg/ m2, with 45.5% of participants in this category having under-reported. 
This proportion was triple in proportion to under-reporting found for the normal and 
overweight groups. Those in the normal and overweight categories were three times more 
likely to over-report than those in the BMI >35kg/ m2 category. The majority of participants 
in other BMI categories were however classified as accurate reporters (Table 5.2).  
 
TABLE 5.2 Accuracy of reporting of energy intake according to the Goldberg cut-off method 
by BMI categories; row% and column %  
  













< 25 14 (16.1) 48 (55.2) 25 (28.7) 87 (58.4) 
25 - 29.9 5 (13.5) 21 (56.8) 11 (29.7) 37 (24.8) 
30 - 34.9 3 (21.4) 8 (57.1) 3 (21.4) 14 (9.4) 
≥ 35 5 (45.5) 5 (45.5) 1 (9.1) 11 (7.4) 
Abbreviations: BMI = Body Mass Index 
Pearson Chi Square p-value = 0.0929 
 
Macronutrient intakes 
Although the average protein intake exceeded recommendations, nearly half of the study 
sample did not meet the EAR (Table 5.1). The EAR for carbohydrates was met by all 
participants. The fibre intake of the majority of the study sample was below the AI, with only 
three (2%) participants meeting recommendations. Although average alcohol intake 
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contributed only a small amount to total energy intake (Table 5.1) 49 participants (32.2%) 
reported drinking alcohol around conception and during the first trimester of their 
pregnancies. Twelve (24.5%) of these were adolescents (not included in table). 
 
 Macronutrient distribution 
Carbohydrates contributed a mean of 42.8% to total energy, which falls below the 
recommendation of 55% – 75% of total energy suggested by the IOM (2002) (Table 5.1). 
Added sugar contributed 20.5% to total energy intake, making it just under 50% of the total 
carbohydrate contribution. Protein contribution to total energy intake fell within the lower 
end of the recommended range, while total fat (46%) and saturated fat (12.3%) contribution 
exceeded the upper end of the recommended ranges. No participants had a fat intake below 
the recommended level. There were no significant differences in any of the macronutrient 
variables, between adult and adolescent participants (data not included in table). 
 
Vitamins 
All participants had inadequate vitamin D and folate intakes, while close to two thirds of the 
participants had inadequate intakes of pantothenic acid, biotin, and vitamin A (Table 5.3). 
Thiamin, vitamin E and vitamin C intakes were inadequate for approximately one in every 
three participants. One in ten participants had inadequate intakes of vitamin B12 and 
riboflavin. 
 
Adolescent participants had a significantly (p=0.0308) higher Vitamin B12 intake [mean(SD) 
of 3.9(2.1)] than adult participants [mean(SD) 3.6(2.2)]. There were no other significant 







TABLE 5.3 Mean and adequacy of vitamin intake by the study sample (n=152) 
VITAMINS Mean (SD) Median (IQR) EAR/ AI d % < Cut point 
FAT SOLUBLE  
Vitamin A (mcg) 720.3 (536.2) 561.9 (393.2 - 832.0) 550 62.5% 
Vitamin D (ug) 3.8 (2.4) 3.3 (1.9 - 5.4) 10 100.0% 
Vitamin E (mg) 15.4 (7.3) 13.5 (10.3 - 18.5) 12 23.7% 
WATER SOLUBLE  
Thiamin (mg) 1.4 (0.5) 1.4 (1.1 - 1.7) 1.2 29.6% 
Riboflavin (mg) 2.6 (2.0) 2.0 (1.4 - 3.3) 1.2 7.9% 
Niacin (mg) 25.6 (8.8) 25.1 (19.6 – 30.0) 14 0.0% 
Vitamin B6 (mg) 3.9 (1.6) 3.5 (2.7 - 4.8) 1.6 0.0% 
Vitamin B12 (mcg) 3.7 (2.1) 3.2 (2.4 - 4.6) 2.2 9.9% 
Pantothenate (mg)  6.5 (3.6) 6.0 (4.2 - 7.9) 6 d 77.6% d 
Biotin (mcg)  34.7 (20.8) 29.4 (21.9 - 40.2) 30 d 61.8% d 
Folate (ug) 284.5 (134.9) 248.6 (191.3 - 346.2) 520 100.0% 
Vitamin C (mg) 99.4 (82.5) 85.4 (53.5 - 123.4) 70 33.6% 
Abbreviations: SD = Standard deviation;  IQR = Inter-quartile range;   EAR = Estimated average requirements  AI = 
Adequate intake 
d AI as outlined by Food and Nutrition board of the IOM, 2005 
 
Minerals 
With the exception of calcium, iron and potassium the mean intake of all minerals was above 
the respective EAR/AI cut-points (Table 5.4). Almost all participants (>95% below cut-point) 
had inadequate intakes of calcium, iron and potassium. Inadequate intakes of manganese and 
magnesium were also common (>67% and <80% below cut-point). Inadequate zinc intake 
was evident in one fifth of the study sample, while intakes of phosphorous, sodium and 
copper were adequate in majority of the sample. While only 5.9% had an intake below the 
cut-point for sodium, 81.1% of participants had an intake above the AI of 1500mg. No 





TABLE 5.4 Mean and adequacy of mineral intake by the study sample (n=152) 
MINERALS Mean (SD) Median (IQR) EAR/ AI d % < Cut point 
Calcium (mg) 539.0 (295.6) 467.0 (325.0 - 715.4) 800 98.0% 
Iron (mg) 14.1 (4.6) 13.5 (11.0 - 16.7) 22 99.3% 
Magnesium (mg) 275.5 (91.5) 261.7 (215.3 - 318.7) 290 77.0% 
Phosphorous (mg) 1096.8 (386.8) 1035.4 (848.6 - 1255.5) 580 1.3% 
Potassium (g) 2674.7 (1012.0) 2519.7 (1962.0 - 3130.7) 4700 d 99.3% d 
Sodium (mg) 2315.0 (936.1) 2148.9 (1674.8 - 2861.4) 1500 d 5.9% d 
Zinc (mg) 12.0 (4.3) 11.2 (8.7 - 14.4) 9.5 21.7% 
Copper (ug) 1.3 (0.5) 1.2 (1.0 - 1.6) 0.8 0.0% 
Manganese (mg) 2117.0 (1004.4) 1872.8 (1356.1 - 2499.3) 2000 d 67.1% d 
Abbreviations: SD = Standard deviation;  IQR = Inter-quartile range;   DRI = Dietary reference intakes   AI = Adequate 
intake 
d AI as outlined by Food and Nutrition board of the IOM (2005) 
 
Adequacy of intake according to Food Based Dietary Guidelines 
The results in Table 5.5 show that the average number of starch servings consumed was 1.5 
times greater than that recommended by the South African FBDG. Intakes of fruits and 
vegetables, “milk” servings, as well as dry beans, split peas, lentils, and soy were below the 
recommended number of servings. The numbers of “meat, poultry, fish, and eggs” consumed 
were just above the guidelines. Sugar and fat servings were consumed seven to nine times 
daily, where the recommendations suggest using these “sparingly”. No statistically significant 








TABLE 5.5 Average per capita daily number of servings per food group * consumed by the 
study sample compared to recommended servings according to the South African Food Based 
Dietary Guidelines** 
Food groups Standard Serving size ** 
FBDG recommended 




cereal, rice, pasta)  
1 slice of bread (30g); 30g dry/ 
100g wet cereal; ½ cup cooked 
rice/ pasta/ porridge; 1 small 
potato 
6 – 8 per day  10.6 per day 
Vegetables and 
fruit 
1 medium fruit; ½ cup cooked 
vegetables; 1 cup raw vegetables 
5 per day  3.0 per day 
Meat, poultry, fish, 
eggs 
75-100g cooked chicken/ fish/ 
meat without bone; 2 eggs 
2 – 3 per day  3.8 per day 
Dry beans, split 
peas, lentils, soy 
1 cup/ 200g cooked At least 3 per week  0.3 per week 
Milk 
1 cup milk/ yoghurt; 40-50g 
cheese 
2 per day  1.2 per day 
Fats (including 
nuts and oils) 
±1 teaspoon oil ‘Sparingly’  9.7 per day 
Sugar ±1 tablespoon sugar ‘Sparingly’  7.7 per day 
Salt - ‘Sparingly’ - 
Abbreviations: FBDG = Food based dietary guidelines 
* Derived from total grams consumed in a food group divided by the indicated serving size for each food item 
** Food-Based Dietary Guidelines for South Africa. S Afr J Clin Nutr. 26(3) (Supplement):S1-S164 
 
Analysis of Nutrient Adequacy Ratio (NAR) and Mean Adequacy Ratio (MAR) 
Analysis of the NAR showed adequate intakes of protein, carbohydrates, vitamin E and C, 
and all B vitamins with the exception of folate (Table 5.6). The NAR for fibre, vitamin D, 
calcium, potassium and iron also indicate poor intakes of these nutrients. The NAR for 
vitamin B12 was significantly higher for adolescents [151.8 (38.3)] than adults [145.9 (41.8)] 
(Pearson’s Chi2 test p=0.0255). The mean(SD) MAR for the total group was 84.3(5.2)% with 
no significant difference between adolescent [mean(SD) 84.6(4.3)%] and adult [mean(SD) 
84.3(5.5)%] participants (Independent sample t-test p=0.7775).  
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Mean (SD)  
NAR 
Mean (SD) 
Energy 86.1 (16.4) Biotin 97.3 (24.9) 
Protein 119.5 (25.2) Folate 50.8 (11.7) 
Carbohydrates 213.6 (39.8) Vitamin C  116.7 (38.9) 
Fibre 66.2 (13.5) Calcium 56.8 (18.3) 
Vitamin A 97.5 (25.5) Iron 62.0 (12) 
Vitamin D 30.4 (7.9) Magnesium 89.6 (17) 
Vitamin E 116.9 (23) Phosphorous 178.3 (39.1) 
Thiamin 113.5 (21.1) Potassium 52.5 (10.4) 
Riboflavin 157.9 (49.7) Sodium 144.0 (28.2) 
Niacin 168.0 (27.3) Zinc 121.4 (24.5) 
Vitamin B6 229.8 (47.2) Copper 152.0 (29.5) 
Vitamin B12 147.0 (41.1)a Manganese 94.3 (25) 
Pantothenate 88.3 (17.8) 
  
Abbreviations: SD = Standard deviation 
NAR = observed intake/ recommended (DRI) intake; values <100 represent intake below the requirements 
a  Significant difference between adolescent and adult participants (Pearson’s Chi2 test p=0.0255).   
 
Exploratory association analysis between dietary intakes, socio-demographic and 
anthropometric variables 
A number of significant correlations between dietary intake, socio-demographic and select 
anthropometric variables were found (Table 5.7). However, these associations need to be 
interpreted with caution as the r-values were generally low (<0.2). 
 
 In the total sample, the greater the number of individuals supported by monthly income the 
lower the energy and protein intake. A higher number of years of formal education was 
associated with higher intakes of zinc and total protein. There were no significant correlations 
between dietary intake variables and maternal age, gestational age, recruitment BMI and 




In the adolescent group, the greater the number of people supported by an income the higher 
the intake of biotin. A greater MUAC was associated with a higher energy intake (Table 5.7 
to 5.9).  
 
In the adult group, the greater the number of people supported by income, the higher the 
intake of energy, total protein, carbohydrates, calcium, zinc, magnesium, phosphorous, 
potassium, copper, vitamin B12 and alcohol. A greater number of years of formal education 
was associated with higher total protein, saturated fat, calcium, phosphorous, potassium, zinc, 
and vitamin A intakes. A higher intake of alcohol and saturated fat were associated with a 
greater MUAC (Table 5.7 to 5.9). Dietary variables for which no significant correlations were 
















TABLE 5.7 Correlation matrix for association between energy and macronutrient intake 
and anthropometric and socio-demographic variables for total study sample and by age 
groups 
 
Years of formal 
education 






Energy NS  -0.1672 p=0.0402 NS NS NS 
Adolescents NS NS NS NS -0.3714  =0.0433 




p=0.0396 NS NS NS 
Adolescents NS NS NS NS -0.3714  =0.0433 
Adults NS -0.1852  p=0.0419 NS NS NS 
Total protein 0.1874 p=0.0208 
-0.2089 
p=0.0101 NS NS NS 
Adolescents NS NS NS NS NS 
Adults 0.2024  p=0.0254 
-0.1972  
p=0.0302 NS NS NS 
Saturated fat NS NS NS NS NS 
Adolescents NS NS NS NS NS 
Adults 0.2391  p=0.008 NS NS NS 
0.1872  
p=0.0423 
MUFA NS NS NS NS NS 
Adolescents NS NS NS NS NS 
Adults NS NS NS NS 0.1825  p=0.0479 
Carbohydrates NS NS NS NS NS 
Adolescents NS NS NS NS NS 
Adults NS -0.1812  p=0.0467 NS NS NS 
Fibre NS NS NS NS NS 
Adolescents NS NS NS NS -0.4273  =0.0185 
Adults NS NS NS NS NS 
Abbreviations: MUAC = Mid-upper arm circumference  BMI = Body mass index NS = Not significant 
Spearman’s correlation coefficient used for all variables except those marked with an * where Pearson’s correlation 
coefficient was used 
Dietary variables for which no significant correlations were found for the total group and within the adolescent and adult 






TABLE 5.8 Correlation matrix for association between mineral intake and anthropometric 












Calcium NS -0.2005 p=0.0136 NS NS NS 
Adolescents NS NS NS NS NS 
Adults 0.2553  p=0.0045 
-0.2168  
p=0.0169 NS NS NS 
Iron NS NS NS NS NS 
Adolescents NS NS NS NS NS 
Adults NS NS  -0.0780  p=0.537 * NS NS 
Magnesium NS -0.1788 p=0.0281 NS NS NS 
Adolescents NS NS NS NS -0.3582  p=0.0519 
Adults NS -0.192  p=0.0349 NS NS NS 
Phosphorous NS -0.2356 p=0.0036 NS NS NS 
Adolescents NS NS NS NS NS 
Adults 0.2288  p=0.0113 
-0.2502  
p=0.0056 NS NS NS 
Potassium NS -0.191 p=0.0188 NS NS NS 
Adolescents NS NS  -0.5481 p=0.042 * NS 
-0.3981 
 p=0.0294 
Adults 0.1967  p=0.0299 
-0.237  
p=0.0089 NS NS NS 
Zinc 0.194 p=0.0166 
-0.1971 
p=0.0153 NS NS NS 
Adolescents NS NS NS NS -0.3763  p=0.0404 
Adults 0.1933  p=0.0329 
-0.1968  
p=0.0305 NS NS NS 
Copper NS -0.1788 p=0.028 NS NS NS 
Adolescents NS NS  -0.5534 p=0.040 * NS 
-0.4477 
 p=0.0131 
Adults NS -0.227  p=0.0123 NS NS NS 
Manganese NS NS NS NS NS 
Adolescents NS NS NS NS  -0.4134  p=0.0231 
Adults NS NS NS NS NS 
Abbreviations: MUAC = Mid-upper arm circumference  BMI = Body mass index NS = Not significant 
Spearman’s correlation coefficient used for all variables except those marked with an * where Pearson’s correlation 
coefficient was used 
Dietary variables for which no significant correlations were found for the total group and within the adolescent and adult 
groups were not included in the table 
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TABLE 5.9 Correlation matrix for association between vitamin intake and anthropometric 












Vitamin A NS NS NS NS NS 
Adolescents NS NS NS NS NS 
Adults 0.2036  p=0.0245 NS NS NS NS 
Niacin NS NS NS NS NS 
Adolescents NS NS NS -0.3611  p=0.05 NS 
Adults NS NS NS NS NS 
Vitamin B6 NS NS NS NS NS 
Adolescents NS NS NS NS NS 
Adults NS NS NS NS NS 
Vitamin B12 NS -0.2073 p=0.0106 NS NS NS 
Adolescents NS NS NS NS NS 
Adults NS -0.2303  p=0.011 NS NS NS 
Pantothenic acid NS NS NS NS NS 
Adolescents NS NS NS -0.4002  p=0.0284 NS 
Adults NS NS NS NS NS 
Biotin NS NS NS NS NS 
Adolescents NS 0.5974 p=0.024 * NS NS NS 
Adults NS NS NS NS NS 
Vitamin D NS NS NS NS NS 
Adolescents NS NS 0.6826 p=0.007 * NS NS 
Adults NS NS NS NS NS 
Vitamin E NS NS NS NS NS 
Adolescents NS NS NS -0.3673  p=0.0459 
-0.3863 
 p=0.035 
Adults NS NS NS NS NS 
Alcohol NS NS NS NS NS 
Adolescents NS NS 0.6505 p=0.012 * NS 
0.3571 
 p=0.0527 
Adults NS 0.1854  p=0.0417 NS NS NS 
Abbreviations: MUAC = Mid-upper arm circumference  BMI = Body mass index  NS = Not significant 
Spearman’s correlation coefficient used for all variables except those marked with an * where Pearson’s correlation 
coefficient was used 
Dietary variables for which no significant correlations were found for the total group and within the adolescent and adult 







Energy requirements during pregnancy are influenced by several factors. These include age, 
pre-pregnancy BMI, rate of weight gain during pregnancy, genetics, physical activity and 
other lifestyle factors. The EER is an energy intake recommendation that is predicted to 
maintain energy balance in healthy, normal weight individuals, but does not necessarily 
reflect the exact energy requirements of each woman. The equation takes into consideration 
the age, height, weight and physical activity of each participant and a factor is added for the 
increased requirements of pregnancy (IOM, 2009). Although the mean energy intake 
(10 168kJ) of our sample was below the EER, it was higher than the 8 425.7kJ reported for 
pregnant women (16 to 35 years old) from Gauteng (Kesa & Oldewage-Theron, 2005) and 
the 9123kJ reported for pregnant adolescents (14 to 19 years old) from Limpopo (Tshitaudzi, 
2003). The proportions of participants in our study who did not meet energy requirements 
using the EER of 11 520kJ (79.6%) and the calculated mean predicted energy requirement of 
9 043.7kJ (34%) as cut points, were higher than the 26.1% reported for pregnant women 
(aged 13 to 40 years) from Limpopo (Mostert et al., 2005). It needs to be borne in mind that 
projected energy requirements of subjects included in our study and that of women in the 
above mentioned studies may not be comparable, as our study sample was mostly in their late 
first or early second trimester, while participants in the studies by Kesa and Oldewage-
Theron (2005) and Mostert et al. (2005) were in their third trimester. Furthermore, 
participants in the study by Tshitaudzi (2003) were all adolescents. It needs to be noted that 
the predicted energy requirement calculated for our participants was based on a sedentary PA 
coefficient, thus assuming that all participants had low levels of physical activity, as we did 
not assess actual physical activity levels. Ritchie and King (2008) and others point out that 
physical activity levels influences pregnancy energy requirements, and as such, the mean 
predicted energy requirements of our sample may have been more in line with the EER if a 
PA coefficient based on actual physical activity had been used.  
 
Inspection of accuracy of energy reporting using the Goldberg cut-off method (categories) 
showed that 55% of the study population could be classified as accurate reporters, with over-
reporting being more common than under-reporting (26.9% and 18.1% respectively). These 
results are in line with published findings on accuracy of reporting in similar groups. Under-
reporting was identified in 25.2% and 22% of non-pregnant women in West Africa (Becquey 
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& Martin-Prevel, 2010) and Washington DC (Tooze et al., 2012) respectively. Winkvist et al. 
(2002) reported that 30% and 16% of pregnant women from Indonesia under-reported their 
energy intake during their first and second trimesters respectively. However, the prevalence 
of under-reporters in our study is much lower than the 83% found in adults from a study in 
Khayelitsha, Cape Town (Orcholski et al., 2015). Our results show that participants in the 
BMI ≥35kg/m2 category tended to be three times more likely to under-report their energy 
intake (45.5 %) than those in the normal and overweight categories (16.1% and 13.5 % 
respectively) and two times more likely than those in the BMI ≥30 and < 35kg/m2 category 
(21.4%). These results are in line with findings that the obese are likely to under-report their 
dietary intake (Orcholski et al., 2015; Winkvist et al., 2002). The fact that a total of 45% of 
our sample was classified as either under- or over-reporters indicates that the results of 
ranking of individual participants according to DRI cut-offs needs to be interpreted with 
caution. 
 
Availability of sufficient food to meet energy requirements is generally acknowledged to be 
linked to food security (income) (Hanson & Connor, 2014; Bruening et al., 2012). Our results 
support this contention as lower energy intake was associated with having a lower income 
and having to sustain greater numbers in the household. Poor food security may also impact 
negatively on the quality and variety of foods consumed and thus the adequacy of especially 
good quality protein and micronutrient intakes (alluded to in more detail later in this 
discussion) (Hanson & Connor, 2014; Brooks et al., 2010). 
 
Within the context of the energy balance equation the expectation would be for energy intake 
to be associated with weight status outcomes. However, as has been found in many other 
studies (Caudwell et al., 2013; Blundell et al., 2012), BMI (at recruitment) was not 
significantly associated with energy intake in our study. This may be a reflection of the truth, 
but on the other hand may be the result of inaccurate reporting by 45% of the sample, as well 
as moderating effects of varying levels of physical activity, and thus energy expenditure.  
However, the positive association between energy intake and MUAC in adolescent 
participants supports the notion that sufficient energy intake results in improved nutritional 
outcomes in this age group. With a greater proportion of adolescents having an intake below 
their calculated EER, they may have an increased risk of malnutrition and poor pregnancy 
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outcomes, especially of LBW (Lopez et al., 2011; Kruger, 2005). This is expected in this 
subgroup as the increased requirements of pregnancy on top of the increased needs of 
adolescence are difficult to meet, especially in a resource-deprived environment.  
 
Protein requirements increase substantially during pregnancy (Otten et al., 2006; Erick, 2008; 
Williamson, 2006). The mean protein intake of our study sample (both adolescent and adult 
participants) seems to be sufficient as it exceeded the DRI recommendation and contributed 
10.1% to total energy intake, which is at the lower end of the recommended range. The NAR 
for protein of 119% also reflects sufficient protein intake. Further support for this comes from 
the assessment of adequacy of intake based on the FBDG, namely that the average intake of 
the meat, poultry, fish, and egg group was above the number of servings recommended by the 
FBDG (Schonfeldt et al., 2013).  The mean protein intake (78.8 ±28.1g) of the current study 
sample was in line with that of 73.18 ± 23g (Kesa & Oldewage-Theron 2005) in a similar 
group of pregnant women and higher than the 60.9g reported by Tshitaudzi (2003) in 
pregnant adolescents. Despite the apparent overall sufficiency of intake, it is concerning that 
42.8% of our study sample had inadequate protein intake according to the EAR cut-point 
method, which is much higher than the 24% in pregnant women from Limpopo reported by 
Mostert et al. (2005) based on the <67% of the RDA cut-point. Inadequate protein intakes 
hold serious risks for especially the foetus, and can negatively impact neurological and 
cognitive development (Antonow-Schlorke et al., 2011; Tolsa et al., 2004), as well as 
increase the risk of insulin resistance and hypertension in the child in later life (Sinclair & 
Watkins, 2013).  
 
The range of protein intake found in our sample (minimum 8.3g and maximum 380.4g per 
day) may be explained by a number of factors. Firstly, the possibility of under and over-
reporting needs to be considered as incorrect reporting of energy intake may inadvertently 
result in inaccuracies in estimations of the intake of other nutrients. Income is a further factor 
to consider as protein sources, specifically good quality sources of protein, are often 
expensive (Brooks et al., 2010). The poor socio-demographics (level of education and 
number of individuals in the household) of a large part of the study sample may be the prime 
explanation for the inadequate protein intake in almost half of the study sample. This is 
supported by the correlations found between a higher protein intake and a higher educational 
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level and lower number of people supported by household income. In line with these results, 
Bopape et al. (2008) and Jaffer et al. (2008) also reported low average intakes of meat and 
meat products in pregnant women from low socio-economic areas. The fact that participants 
with poorer protein intake during pregnancy had lower recruitment weights and gained less 
weight during pregnancy may also speak to poorer outcomes as a result of inadequate protein 
intake. Short-to-medium-term protein inadequacies may contribute to poor tissue and muscle 
formation in both mother and foetus (Ota et al., 2015; Blumfield et al., 2012; Erick, 2008; 
Hoppe et al., 2004). This may contribute to sub-optimal brain development, insulin resistance 
and hypertension in later life (Sinclair & Watkins, 2013) 
 
The study sample is characterized by high mean percentage total fat (46.0% TE) and 
saturated fat (12.3%) contributions to total energy intake, with both exceeding current 
recommendations of 20-35% and <7% respectively. This can be explained by the high 
number of servings of fats that were consumed on a daily basis when compared to the FBDG 
that recommends using fat sparingly. The mean total fat intake in the current study (89.9g) is 
greater than that found by both Kesa and Oldewage-Theron (2005) (62.3g) and Tshitaudzi 
(2003) (48.4g). High fat intakes may be linked to the greater palatability of fatty foods such 
as fried foods, fatty meat cuts, full cream dairy products, as well as satiation effects when 
compared to low-fat options such as lean meats and low fat spreads (Weltens et al., 2015; 
Grabenhorst & Rolls, 2014). According to Brooks et al. (2010) high fat foods are also 
generally cheaper and more readily available than lower fat options in lower socio-economic 
status communities. Although no association was found between total fat intake and 
education or number of people in the household, a higher level of education was associated 
with higher saturated fat intake in the adult pregnant women, which could reflect higher 
intake of fats from dairy and meat (animal protein products), confirming the possibility that 
they may have the means to purchase more animal protein. Saturated fat and cholesterol 
intakes were positively correlated with MUAC in the adult pregnant women, indicating lower 
risk for malnutrition in those consuming animal fats (per implication possibly higher animal 
protein as well) (Kruger, 2005). However, these results should be interpreted with caution as 
no associations between fat intake and BMI at recruitment or prior to pregnancy were found. 
The intake of PUFAs exceeded the recommended ranges for total energy. However, this 
incorporates both omega-3 and omega-6 PUFAs, and these were not analysed separately in 
this study. We can expect that the majority of this intake was in the form of omega-6 PUFA 
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due to the high intake of foods prepared with sunflower oil and the low intake of omega-3-
rich fish. As a result, it is possible that this particular sample of pregnant adolescent and adult 
participants have an increased risk of problems such as impaired cognitive and behavioural 
development (Innis, 2009) and increased risk of obesity in later life (Muhlhausler et al., 2010; 
Ailhaud et al., 2006) due to inadequate omega-3 intake. The MUFA intake of 15% is within 
the recommendations. No other studies conducted in South Africa on pregnant women 
reported on the intake of MUFAs and PUFAs. 
 
Carbohydrate requirements increase during pregnancy, but an excessive intake can cause high 
blood glucose levels, which may increase the risk of gestational diabetes and excessive foetal 
size (Scholl et al., 2001). The risk of both the mother and child developing diabetes and heart 
disease later in life may also be increased (Bellamy et al., 2009). No participants in the 
current study had an inadequate carbohydrate intake. In fact, the mean intake was more than 
double the daily requirement. This is reiterated by a NAR for carbohydrates of over 200% 
and the frequency of intake of foods from the starch group that exceeded the FBDG 
recommendation (Vorster, 2013). Similarly, high carbohydrate intakes were also reported by 
Kesa and Oldewage-Theron (2005), Mostert et al. (2005), Klinger (2004), Tshitaudzi (2003), 
and Bopape et al. (2008). Jaffer et al. (2008) also listed starch-rich foods as being part of the 
most frequently consumed foods. Despite meeting the DRI that is set at a particular level to 
prevent ketosis (Erick, 2012), carbohydrates contributed less to total energy (42.8%) than the 
recommended 55% to 75%. As the protein contribution to total energy was at the lower end 
of the recommended range, it follows that the high fat intake accounts for the lower 
carbohydrate contribution. With many, often more refined, carbohydrates viewed as being 
more affordable, a higher intake in those with a lower income could be expected. However, 
the negative association found between carbohydrate intake and the number of people 
supported by household income in adult participants does not support this notion.  
 
A major concern is the very high added sugar intake in our study sample. The mean intake of 
the total group was 89g per day which constitutes 20.5% of total energy intake. The FBDG 
suggest that foods and drinks containing sugar be consumed sparingly, and not between 
meals, and that this constitutes a maximum of 10% of total daily energy intake (Temple & 
Steyn, 2013). A recent WHO report strongly recommends an intake of free sugars of less than 
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10% total energy, while also making a conditional recommendation (as a result of the nature 
of the evidence) of further reducing this to 5% of total energy intake. New UK 
recommendations have adopted the lower intake of free sugars of 5% of total energy. With 
our study sample consuming just more than double the upper limit recommended by the 
WHO and FBDG, their risk of types 2 diabetes (WHO, 2015b; Aune et al., 2013; Greenwood 
et al., 2013), obesity (WHO, 2015b; Te Morenga et al., 2013), dental caries (WHO, 2015b; 
SACN, 2015) and possibly cardiovascular disease (WHO, 2014b, 2003; Johnson et al., 2009) 
is increased. None of the other studies done on South African pregnant adolescent and adult 
participants reported on quantities of sugar consumed, Kesa and Oldewage-Theron (2005) 
found sugar to be in the top ten most commonly consumed foods, and Jaffer et al. (2008) 
reported sugar to be consumed an average of 8.2 (cases = mothers of <2500g birth weight 
babies) and 9.6 (controls = mothers of ≥2500g birth weight babies) times per week. Lower 
sugar intakes of 38g/day and 51g/day were reported for black men and women respectively in 
Cape Town who participated in the Cardiovascular Risk in Black South Africans (CRIBSA), 
making up 11-15% of total energy intakes (Steyn & Temple, 2012). 
 
The majority (96%) of the study population did not meet the daily fibre recommendations, 
verified by an NAR of 66%. This is indicative of a diet low in fruits, vegetables, and 
legumes, as is reflected in comparisons to the FBDG. Only 46.1% of participants reported 
eating any legumes on at least one day of the three days assessed with the average number of 
servings being 0.3 per day. These results are in line with the low intake of legumes reported 
by Tshitaudzi (2003), Mostert et al. (2005), and Jaffer et al. (2008) (1.8 servings per week). 
These studies also did not find regular intake of any fibre-rich foods in pregnant adolescents 
or adults. Low fibre intakes may increase the risks of constipation, haemorrhoids, and poor 
blood glucose control (Rizotto et al., 2010; Hibberts & Schizas, 2010).  
 
Frequency of fruit and vegetable intake fell below the 5-per-day recommendations of the 
FBDG (Naude, 2013) with 5.3% of participants having no vegetables and 18.4% no whole 
fruit at all during the three days assessed. As with meats and meat products, vegetables were 
eaten only on Sundays by many of the participants. The low fruit (1.9 servings per day) and 
vegetable (1.1 servings per day) intake is especially concerning because of the increased 
requirements for micronutrients to support the growing and developing foetus, and ensure the 
137 
 
health of the mother. Jaffer et al. (2008) found similar low intakes of fruit and vegetables 
with the frequency of fruit intake in these adolescent and adult participants being 11.7 and 
12.4 times per week for cases (birth weights ≤2500g) and controls (birth weights >2500g) 
respectively and vegetable intake 3.4 and 3.8 times per week respectively. Low fruit and 
vegetable intake could possibly be explained by lack of affordable options in the direct 
vicinity of the households (Temple & Steyn, 2011b) 
 
The fact that protein, fibre containing starches, legumes and fruit and vegetable intake did not 
meet requirements, is reflected in inadequate intakes of some of the micronutrients. This is a 
concern as the EAR for several vitamins and minerals increase during pregnancy to meet the 
needs of the mother and foetus. The nutrient with the most substantial increase in 
requirements during pregnancy is folate. As reported by Mostert et al (2005) and Bopape et 
al. (2008), none of the participants in our study sample met the EAR for folate, which is also 
reflected in the NAR of 50.8%. This suggests a poor intake of foods such as liver, 
mushrooms, spinach, broccoli, lean beef and whole-wheat bread and may increase the risk of 
neural tube defects (Cox & Phelan, 2008), low birth weight, preterm birth and growth 
faltering (Erick, 2012; Scholtz et al., 2010). The low number of servings from the vegetable 
and protein groups consumed on a daily basis as well as the low fibre intake supports the 
possibility that these foods were not consumed regularly enough to meet the increased 
requirements of pregnancy.  
 
Both the mean and median vitamin A intake was above the EAR for pregnancy, but a large 
portion of the study sample did not meet the requirements (62.5% below cut-off), reflecting 
the wide range of intakes (58.4 – 1599.3mcg). Other South African studies reported similar 
results. Mostert et al. (2005) found that the mean intake of their sample of pregnant 
adolescent and adult participants was 74.6% of the RDA, while 76% of their participants 
consumed less than 67% of the RDA. Tshitaudzi (2003) reported that the mean intake of their 
sample of pregnant adolescents was 94% of the RDA, with 52.5% of participants consuming 
less than the RDA. The wide range of intakes recorded for the three 24-hour recalls could be 
explained by the fact that an extended period of recall is required to accurately determine 
usual vitamin A intake. Basiotis et al. (1987) suggested that up to 44 days of recall would be 
required for more accurate measures of group intakes and ranking of individual intake. 
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Vitamin C intakes showed a similar pattern with mean intakes being above the EAR, yet a 
third of the study sample fell below the cut-point. Mostert et al. (2005) and Tshitaudzi (2003) 
reported that 73.9% and 25% of women in their samples had intakes of less than 67% RDA 
respectively, and Tshitaudzi reported an intake of 118% of the RDA. Basiotis et al. (1987) 
suggest at least 19 days of recall for valid assessment of mean vitamin C intake in groups of 
females. However, it could be argued that the inadequate vitamin A and C intakes in 
participants in our study are confirmed by the low frequency of fruit and vegetable 
consumption. Emphasising fruit and vegetable intake should thus be a major theme in 
nutrition education of pregnant women. 
 
The fact that all participants had an inadequate intake of vitamin D should be interpreted with 
care as the South African Food Composition Tables (Wolmarans et al., 2010) have a high 
percentage of missing values for food items containing vitamin D. As a zero value is 
allocated if a value is missing, underestimation of actual intake invariably results. Although 
Tshitaudzi (2003) also found that 82% of their group of adolescents had an inadequate intake, 
this may reflect underestimation as their dietary data was also analysed using the South 
African Food Composition Tables. However, although there are food sources of vitamin D, 
the amounts are usually inadequate to maintain vitamin D sufficiency (Naude, 2012b), unless 
the food has been fortified with vitamin D, or supplements are consumed (Pettifor, 2005). 
Low exposure to sunlight may also cause vitamin D deficiency, as sunlight is required for the 
formation of pre-vitamin D in the skin (Naude et al., 2012; Naude, 2012b; Malik et al., 2009). 
 
Calcium requirements do not increase during pregnancy for adults, but do increase for 
pregnant adolescents. Almost all participants showed inadequate intakes, with the mean 
intake being just 67% of the EAR for adults, and the NAR being 56.8%. Klinger (2004) and 
Mostert et al. (2005) reported similar results with 85.6% below the RDA and 89.1% <67% 
RDA respectively. This suggests a general poor intake of dairy products and green leafy 
vegetables which is supported by the findings of Jaffer et al. (2008) where 50% of the sample 
did not consume any milk or milk products, and Mostert et al. (2005) where milk and 
vegetable intakes were reportedly low. In contrast, Kesa and Oldewage-Theron (2005) 
indicated that fresh milk was the most frequently consumed product in their study sample. 
The high level of inadequacy in our sample is reiterated by our data which shows that an 
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average of 1.2 servings of milk products were consumed per day, which falls below the 
FBDG recommendations of 2 servings per day (Vorster et al. 2013). Canada’s Food Guide, 
(2011) and the USDA guidelines (2011) recommend two and three daily servings of dairy 
products respectively for pregnant women. Furthermore, the intake of vegetables that are 
sources of calcium may have been low as overall fruit and vegetable intake did not meet the 
FBDG recommendation. Promotion of consumption of good sources of calcium during 
pregnancy should thus remain a focus in education initiatives to prevent the risks associated 
with low calcium intake, including bone loss (Hacker et al., 2012), osteoporosis (Gallager, 
2012) and preeclampsia (Hofmeyer et al., 2014; Imdad & Bhutta, 2012) in the mother, as 
well as poor bone outcomes in the offspring in later life (Ganpule et al., 2006; Chang et al., 
2003). 
 
The general intake of B vitamins, with the exception of thiamine, pantothenate, biotin and 
folate, is adequate for the majority of the study sample. The NAR supports the finding of 
inadequate folate intake (50.8%), but not of thiamine (113.5%), pantothenate (88.3%) or 
biotin (97.3%). Our findings of inadequate thiamine, pantothenate and biotin intakes are not 
reflected in any other studies done on pregnant women in South Africa and suggests a low 
intake of fortified and whole grains, peanuts, soy protein, and eggs. While several other 
studies on pregnant women in South Africa reported inadequate intakes of vitamin B12 
(Tshitaudzi, 2003; Klinger, 2004; Modjadji et al., 2007; Bopape et al., 2008) and vitamin B6 
(Tshitaudzi, 2003; Mostert et al., 2005), only 9.9% and of the current study sample fell below 
the cut-point for vitamin B12 and none for vitamin B6. This suggests adequate intakes of 
meat, liver, milk, fish and cheese in the current study sample.   
 
As with calcium, mean magnesium intake was below the EAR and also below the EAR cut-
point for 77.0% of the study sample. None of the other studies reporting on the dietary intake 
of pregnant South African adolescents/ adults found similar inadequate magnesium intakes 
(Tshitaudzi, 2003; Klinger, 2003). Since the intake of good sources of magnesium, namely 
nuts, legumes and dark green leafy vegetables may have been inadequate based on 
comparison of the frequency of intake with the FBDG for intake of these foods, the study 
sample may be at risk of a magnesium deficiency. Increased consumption of these foods 
should thus be emphasised. Low magnesium intakes may result in preterm labour (Rylander, 
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2014; Hantoushzadeh et al., 2007; Durlach, 2004), hypertension, IUGR and LBW (Rylander, 
2014; Jain et al., 2010; Cooke & Mimouni, 1997). 
 
Sodium intake was above the AI for 81.1% of the study sample, with a mean intake of 2315.0 
mg per day. The NAR of 144% reflects these values, as do the findings of high intakes of 
crisps, bread and processed meats. The other South African studies on pregnant women that 
were assessed did not comment on sodium intakes. This suggests an increased risk of the 
current study sample of developing PIH and pre-eclampsia, as the upper limit for pregnany is 
2.3g/day (Steffen, 2014; Rakova et al., 2014).  
 
Iron requirements are increased in pregnancy to ensure adequate expansion of maternal 
plasma volume for sustaining foetal growth and nutrient transport (Scholl, 2011). Low iron 
intakes thus clearly put the mother and foetus at risk of poor pregnancy outcomes. It is 
therefore very concerning that the mean intake of iron of our study sample was well below 
the EAR for pregnant women and 99% of participants had an intake below the cut-point. The 
NAR of 62.0% for iron supports the findings of low intake. Low iron intakes are usually the 
result of poor consumption of meat, eggs, legumes, whole-grain foods and fortified cereals 
(Gallagher, 2012). While comparisons to the FBDG show that the daily frequency of intake 
of items from the meat, poultry, fish and eggs group seems sufficient, the intake of legumes is 
very low, and based on the results of fibre intake starches that were consumed, were most 
probably refined options. Iron and folate supplementation is included in the Department of 
Health protocol for ante-natal care (DoH, 2007b) and may decrease the risk of iron 
deficiency. However, this does not detract from the importance of ensuring that the dietary 
intake for pregnant women during pregnancy is optimal. 
 
Bearing in mind the limitations of self-reported dietary intake, especially the problem of 
under- and over-reporting, it can be concluded that while the pregnant adolescent and adult 
participants in our study sample have adequate intakes of carbohydrates, almost 50% was in 
the form of added sugar, and fibre intake was very low. Total fat intake was above 
recommended levels, with unhealthy fats in the form of saturated fats also being above 
recommendations. Mean protein intake was sufficient but varied greatly with 43% of the 
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study sample falling below the cut-point. Micronutrients that may be a concern include folate, 
vitamin A, vitamin D, calcium, and iron. The comparison of the daily frequency of intake of 
foods from the different food groups with FBDG recommendations mostly supports macro 
and micronutrient findings, thus reiterating the fact that the study population may be at 
nutrition risk. It is clear that antenatal care for women in this area should include a strong 
nutrition care component. The findings of this study provide some insights into the nutrition 








































Several vitamin and mineral requirements increase during pregnancy to a much larger degree 
than the overall energy requirements, especially for the first trimester. For this reason, a 
nutrient-dense rather than energy-dense diet should be followed (Cox & Phelan, 2008). It is 
known that no one food or food group can provide all the nutrients required, making variety 
in dietary intake key to a healthy lifestyle (Steyn & Ochse, 2013), and, by extension, a 
healthy pregnancy. Consuming a varied diet is the most efficient way of attaining and 
maintaining the nutritional requirements of pregnancy to reduce the risks of adverse 
pregnancy outcomes (Christian & Stewart, 2010). Generally, pregnant women tend to be 
more open to following healthier diets as a means of providing the best that they can for their 
child (Wilkinson & Tolcher, 2010), 
 
Several studies have been done on dietary diversity in South Africa. Those living in informal 
or rural areas have been found to have lower dietary diversity (Drimie et al., 2013; 
Oldewage-Theron & Kruger, 2011), although not all studies reported this association (Faber 
et al., 2014). Results from national level surveys in South Africa, however, support the notion 
of poor dietary variety in lower SES populations (Labadarios et al., 2007), and more so in 
some provinces (Labadarios et al., 2011). These studies were carried out on several 
population groups, from children, to students and adults. However, no studies could be traced 
that reported on the dietary variety in pregnant women in South Africa. 
 
This research set out to investigate dietary variety in pregnant women attending a MOU in 
Bishop Lavis, Cape Town, in terms of the 20 most frequently consumed foods, fruits and 
vegetables and the top ten foods contributing to total energy and select macro- and 
micronutrient intakes as well as a diversity score, and associations between these variables 
and anthropometric and select socio-demographic variables. 
 
6.2 Results  
In total, 406 different food items were coded for the 456 24-hour recalls that were included in 
the analysis conducted for this study. After grouping similar foods where different codes 
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were allocated to differentiate between different cooking methods or different varieties of the 
same food item was coded for, 136 items remained (Addendum C). 
  
The top 20 most commonly consumed foods are listed in Table 6.1. Sugar (sugar added to 
tea, coffee or cereals) was the most commonly consumed food item, with only three 
participants not reporting any sugar intake for the three days that the 24-hour recalls 
represented. Other foods containing sugar or refined carbohydrates also featured on the top 
ten list, including white bread, white rice, carbonated drinks and crisps. Seven items (chicken, 
milk, beef, cheese, eggs, sausage and polony) on the top 20 list have high protein content. 
Apples and tomatoes were the only fruit and vegetables on the top 20 list for the total sample 
and for adults, while for adolescents there were no fruits and only tomatoes as vegetable on 
this list. The top five most commonly consumed foods by adolescents included sugar, white 
bread, crisps, carbonated drinks and chicken, while that for adults included sugar, chicken, 
potatoes, margarine and milk. 
 
The per capita intake for the top six items in terms of servings is 4 per day for sugar (1 
serving = 5g), 1.5 for chicken (1 serving = 40g), ± 1.5 for potato (1 serving = 90g), 2 for 
margarine (1 serving = 5g), ±0.5 for milk (1 serving = 250mL) and 3 for white bread (1 
serving = 35g). The per capita intake of white bread is three times higher than that of brown 
bread. The per capita gram intake of tomato equates to approximately a quarter vegetable 
serving per day (1 serving vegetable = 80g) and apple to half a fruit serving (1 fruit serving = 
80g). Intake of carbonated beverages equates to 1 glass (200ml) per day while the intake of 








TABLE 6.1 Top 20 most commonly consumed foods for the total study sample (n=152) and 
for adolescent and adult participants 



















1 Sugar 149 98.0 33.1 40.1 39.3 1 (100.0) 1 (97.5) 
2 Chicken 142 93.4 85.7 68.4 63.9 4 (86.7) 2 (95.1) 
2 Potato 142 93.4 179.4 133.5 124.7 4 (86.7) 2 (95.1) 
4 Margarine 138 90.8 14.1 11.1 10.1 4 (86.7) 4 (91.8) 
5 Milk 137 90.1 153.2 144.6 130.3 8 (83.3) 4 (91.8) 
5 White bread 137 90.1 122.7 100.3 90.4 2 (96.7) 7 (88.5) 
7 White rice 135 88.8 126.6 90.6 80.5 8 (83.3) 6 (90.2) 
8 Carbonated drink 115 75.7 407.1 289.1 218.7 4 (86.7) 9 (73.0) 
8 Crisps 115 75.7 58.8 36.8 27.8 3 (90.0) 10 (72.1) 
10 Tea 112 73.7 389.0 250.1 184.3 12 (63.3) 8 (76.2) 
11 Coffee 104 68.4 356.9 243.7 166.7 10 (70.0) 11 (68.0) 
12 Beef 94 61.8 96.9 47.7 29.5 10 (70.0) 12 (59.8) 
13 Tomato 79 52.0 95.0 46.5 24.2 15 (56.7) 14 (50.8) 
14 Cheese 77 50.7 45.8 22.2 11.3 16 (46.7) 13 (51.6) 
15 Eggs 75 49.3 92.2 43.4 21.4 13 (60.0) 16 (46.7) 
16 Pasta 70 46.1 205.5 104.7 48.2 13 (60.0) 18 (42.6) 
17 Brown bread 69 45.4 130.6 70.0 31.8 24 (36.7)  15 (47.5) 
18 Apples 65 42.8 199.3 95.1 40.6 24 (36.7) 17 (44.3) 
19 Sausage 64 42.1 76.9 32.4 13.7 18 (43.3) 19 (41.8) 
20 Polony 61 40.1 58.7 25.0 10.0 16 (46.7) 21 (38.5) 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
“Sugar” includes all sugar added to tea, coffee, cereals and porridges 
“Potato” includes all boiled, mashed, oven roasted and sautéed potato 
 “Crisps” refer to store-bought packet chips e.g. Simba, NikNaks, Flings etc. 
 
In the total sample and for adults, apples were the most commonly consumed fruit, followed 
by a variety of fruit juices. Fruit juice was the most commonly consumed fruit source for 
adolescents (Table 6.2). Oranges and bananas were consumed by almost one third of the 
study sample. Fruit consumption in general was not common in this study sample, with 21 
(13.8%) participants not reporting any consumption of fruit (or fruit juice) for the three 24-




TABLE 6.2 Top 20 fruit consumed by the total study sample (n=152) and for adolescent and 
adult participants 
 Food item No. of eaters % eaters 
Adolescent 
rank (% eaters) 
Adult rank 
(% eaters) 
1 Apples 65 42.8 2 (36.7) 1 (44.3) 
2 Fruit juice 44 28.9 1 (40.0) 4 (26.2) 
3 Oranges 44 28.9 3 (33.3) 3 (27.9) 
4 Banana 42 27.6 4 (23.3) 2 (28.7) 
5 Peaches 34 22.4 5 (20.0) 5 (23.0) 
6 Pear 19 12.5 7 (10.0) 6 (13.1) 
7 Naartjie 15 9.9 6 (16.7) 8 (8.2) 
8 Dried fruit 13 8.6 8 (6.7) 7 (9.0) 
9 Plum 11 7.2 9 (3.3) 8 (8.2) 
10 Grapes 10 6.6 9 (3.3) 9 (7.4) 
11 Coconut 3 2.0 10 (0.0) 10 (2.5) 
12 Lemon 3 2.0 10 (0.0) 10 (2.5) 
13 Pineapples 3 2.0 8 (6.7) 12 (0.8) 
14 Strawberry 3 2.0 9 (3.3) 11 (1.6) 
15 Nectarine 2 1.3 10 (0.0) 11 (1.6) 
16 Watermelon 2 1.3 10 (0.0) 11 (1.6) 
17 Apricot 1 0.7 10 (0.0) 12 (0.8) 
18 Guava 1 0.7 10 (0.0) 12 (0.8) 
19 Mango 1 0.7 10 (0.0) 12 (0.8) 
20 Melon 1 0.7 10 (0.0) 12 (0.8) 
21 Pawpaw 1 0.7 10 (0.0) 12 (0.8) 
 
Tomatoes were the most commonly consumed vegetable, being consumed by just over half of 
the study sample (Table 6.3). Mixed vegetables and onions were consumed by just over a 
quarter of the study sample. The consumption of a variety of other vegetables was reported 
but in less than 20% of the study sample. Eight participants (5.3%) did not report consuming 






TABLE 6.3 Top 20 vegetables consumed by the total study sample (n=152) and for 
adolescent and adult participants 
 Food item No. of eaters % of eaters 
Adolescent rank 
(% eaters) 
Adult rank (% 
eaters) 
1 Tomato 79 52.0 1 (56.7) 1 (50.8) 
2 Mixed vegetables 46 30.3 2 (26.7) 2 (31.1) 
3 Onion 38 25.0 2 (26.7) 3 (24.6) 
4 Pumpkin 30 19.7 7 (10.0) 4 (22.1) 
5 Carrots 26 17.1 4 (16.7) 5 (17.2) 
6 Lettuce 24 15.8 4 (16.7) 6 (15.6) 
7 Cabbage 22 14.5 7 (3.3) 5 (17.2) 
8 Gem squash 21 13.8 6 (6.7) 6 (15.6) 
9 Peas 21 13.8 6 (6.7) 6 (15.6) 
10 Mealies 18 11.8 3 (20.0) 8 (9.8) 
11 Peppers 16 10.5 5 (10.0) 7 (10.7) 
12 Cauliflower 15 9.9 6 (6.7) 7 (10.7) 
13 Broccoli 9 5.9 7 (3.3) 9 (6.6) 
14 Butternut 8 5.3 8 (0.0) 9 (6.6) 
15 Cucumber 8 5.3 7 (3.3) 10 (5.7) 
16 Beetroot 7 4.6 7 (3.3) 11 (4.9) 
17 Green beans 7 4.6 6 (6.7) 12 (4.1) 
18 Mushrooms 5 3.3 8 (0.0) 12 (4.1) 
19 Baby marrow 2 1.3 8 (0.0) 13 (1.6) 
20 Parsnip 1 0.7 8 (0.0) 14 (0.8) 
21 Spinach 1 0.7 8 (0.0) 14 (0.8) 
 
Top ten foods contributing to energy and macronutrient intake 
White bread contributed almost 10% to total energy intake for adults and adolescents, with 
sugar providing the second most energy for adolescents and third most for adults. Each 
participant consumed an average of 4.2 servings of white bread per day. The four energy 
dense food items (sugar, crisps, chips, and sugar sweetened beverages) on the top 10 list 
contributed to 19.8% of total energy intake for the total group and 23.2% for adolescents and 
18.7% for adults. Chicken, brown bread and margarine contributed more to the total energy 
of adults than adolescents, while adolescents consumed more energy from crisps, carbonated 
drinks, pasta and chips. Maize meal was consumed by only a fifth of the study sample, and 
made up only 0.8% of total energy intake (not reported in table). 
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TABLE 6.4 Top 10 food items contributing to total energy intake for the total study sample 
























1 White bread 137 90.1 41 238.0 100.3 90.4 9.2 1 (9.7) 1 (9.1) 
2 Sugar 149 98.0 17 934.0 40.1 39.3 6.6 2 (7.4) 3 (6.4) 
3 Potato 142 93.4 56 874.7 133.5 124.7 6.5 4 (6.3) 2 (6.5) 
4 Crisps 115 75.7 12 691.5 36.8 27.8 6.4 3 (7.2) 4 (6.1) 
5 Chicken 142 93.4 29 154.0 68.4 63.9 5.2 9 (4.0) 5 (5.5) 
6 White rice 135 88.8 36 705.0 90.6 80.5 4.3 7 (4.2) 6 (4.3) 
7 Carbonated drink 115 75.7 99 742.5 289.1 218.7 3.8 5 (4.6) 7 (3.5) 
8 Milk 137 90.1 59 433.5 144.6 130.3 3.4 10 (3.6) 9 (3.4) 
9 Brown bread 69 45.4 14 500.0 70.0 31.8 3.2 13 (2.0) 8 (3.5) 
10 Margarine 138 90.8 4 608.5 11.1 10.1 3.0 14 (1.9) 10 (3.3) 
11 Pasta 70 46.1 21 990.0 104.7 48.2 3.0 6 (4.6) 13 (2.6) 
12 Chips 50 32.9 10 775.0 71.8 23.6 3.0 8 (4.0) 12 (2.7) 
Abbreviations: TE = Total energy 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
“Sugar” includes all sugar added to tea, coffee, cereals and porridges 
“Potato” includes all boiled, mashed, oven roasted and sautéed potato 
“Chips” include all deep fried potatoes, while “Crisps” refer to store-bought packet chips e.g. Simba, NikNaks, Flings etc. 
 
Animal derived proteins in the top ten protein sources were the most important contributors 
to protein intake (46% combined), with chicken making the greatest and beef the second 
greatest contributions (Table 6.5). Chicken was mostly consumed with the skin (67.2%), with 
5.4% reporting eating a KFC-style fried chicken (not reported in table). Plant protein sources 
in the top ten contributed a total of 23.0% of total protein intake with bread, especially white 
bread, being the main contributors. Fish and seafood contributed only 3.4% of total protein 
intake (Table 6.5). Only 34.9% of fish and seafood choices came from omega-3 rich medium 
and high fat fish, and 49.4% of all fish consumed was fried (not reported in table). Prominent 
differences in ranking between adolescent and adult participants include pasta and potato that 
are ranked higher in adolescents and brown bread and mutton that are ranked higher in adults. 
Peanut butter was consumed by only 23% of the study sample, and made up only 1.1% of 




TABLE 6.5 Top 10 food items contributing to total protein intake for the total study sample 
























1 Chicken 142 93.4 7 479.8 17.6 16.4 20.8 1 (17.2) 1 (21.7) 
2 Beef 94 61.8 3 737.3 13.3 8.2 10.4 3 (10.1) 2 (10.5) 
3 White bread 137 90.1 3 628.9 8.8 8.0 10.1 2 (11.3) 3 (9.8) 
4 Milk 137 90.1 1 936.3 4.7 4.2 5.4 4 (6.1) 4 (5.2) 
5 Brown bread 69 45.4 1 305.0 6.3 2.9 3.6 12 (2.4) 5 (3.9) 
6 Fish and seafood 58 38.2 1 231.7 7.1 2.7 3.4 6 (3.9) 7 (3.3) 
7 Pasta 70 46.1 1 231.5 5.9 2.7 3.4 5 (5.5) 10 (2.9) 
8 Cheese 77 50.7 1 210.4 5.2 2.7 3.4 9 (3.4) 6 (3.4) 
9 Eggs 75 49.3 1 098.3 4.9 2.4 3.1 8 (3.5) 9 (3.0) 
10 Potato 142 93.4 1 066.8 2.5 2.3 3.0 7 (3.5) 12 (2.8) 
11 Mutton 37 24.3 1 056.6 9.5 2.3 2.9 13 (2.1) 8 (3.2) 
12 White rice 135 88.8 1 035.6 2.6 2.3 2.9 10 (3.0) 11 (2.8) 
Abbreviations: TP = Total protein 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
 “Potato” includes all boiled, mashed, oven roasted and sautéed potato 
 
Crisps made the highest contribution to total fat intake (10.8%) with margarine being the 
second highest contributor to total fat intake (Table 6.6). The majority of participants 
reported using brick margarine i.e. Marvelo (not reported in table). Potatoes were ranked as 
the third highest contributor to total fat intake and this can be explained by the cooking 
methods used (roasted, sautéed, or butter/ margarine added to mashed potatoes). Fat intake 
from energy dense snacks (crisps, chips and chocolate) was 16.7%. Not a single ‘healthy’ fat 
made it onto the top ten list, with avocados ranking 15th on the total group list, making up 
only 2.1% of total fat, and nuts (excluding peanuts) contributing only 0.1% to total fat intake. 
Prominent differences in ranking between adolescent and adult participants include chips, 
polony and chocolate that are ranked higher for adolescents, and cheese and eggs that ranked 





TABLE 6.6 Top 10 food items contributing to total fat intake for the total study sample 
















rank (% TF) 
Adult rank 
(% TF) 
1 Crisps 115 75.7 4 444.7 12.9 9.7 10.8 1 (12.7) 1 (10.4) 
2 Margarine 138 90.8 3 742.8 9.0 8.2 9.1 3 (6.1) 2 (9.9) 
3 Potato 142 93.4 3 330.4 7.8 7.3 8.1 2 (7.8) 3 (8.2) 
4 Chicken 142 93.4 2 950.8 6.9 6.5 7.2 4 (5.5) 4 (7.6) 
5 Milk 137 90.1 1 990.1 4.8 4.4 4.9 6 (5.3) 6 (4.7) 
6 Sausage 64 42.1 1 958.3 10.2 4.3 4.8 5 (4.1) 5 (4.9) 
7 Beef 94 61.8 1 892.2 6.7 4.1 4.6 7 (4.8) 7 (4.6) 
8 Chips 50 32.9 1 594.7 10.6 3.5 3.9 5 (5.4) 9 (3.5) 
9 Cheese 77 50.7 1 594.7 6.9 3.5 3.9 12 (3.9) 8 (3.9) 
10 Polony 61 40.1 1 295.6 7.1 2.8 3.2 9 (4.2) 11 (2.9) 
11 Eggs 75 49.3 1 255.5 5.6 2.8 3.1 13 (3.6) 10 (2.9) 
16  Chocolate 44 28.9 807.9 6.1 2.2 2.0 8 (4.5) 23 (1.4) 
Abbreviations: TF = Total fat 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
 “Potato” includes all boiled, mashed, oven roasted and sautéed potato 
“Chips” include all deep fried potatoes, while “Crisps” refer to store-bought packet chips e.g. Simba, NikNaks, Flings etc. 
 
The top ten foods contributing to total carbohydrate intakes are mostly refined, including 
white bread, sugar, carbonated drinks and white rice that together make up 41.2% of the total 
carbohydrate intake. Energy dense items (sugar, carbonated beverages, crisps and chips) 
contribute a combined 27.7% to total carbohydrate intake. In the total sample, whole-grain or 
high fibre foods were ranked 11th (high fibre cereal), 13th (apples), 22nd (oats), 25th (beans), 
and 32nd (lentils) (not reported in table). Combined these contribute 12.2% to total 
carbohydrate intake. Prominent differences in ranking between adolescent and adult 
participants include pasta and cereal that is ranked higher for adolescent participants, and 







TABLE 6.7 Top 10 food items contributing to total carbohydrate intake for the total study 










eater/ day (g) 
Portion/ 
capita 








1 White bread 137 90.1 18 928.2 46.1 41.5 13.7 2 (13.9) 1 (13.6) 
2 Sugar 149 98.0 17 912.2 40.1 39.3 12.9 1 (14.0) 2 (12.7) 
3 Carbonated drink 115 75.7 10 273.5 29.8 22.5 7.4 3 (8.8) 4 (7.1) 
4 White rice 135 88.8 9 949.8 24.6 21.8 7.2 4 (6.7) 3 (7.3) 
5 Potato 142 93.4 8 515.4 20.0 18.7 6.2 5 (5.9) 5 (6.2) 
6 Crisps 115 75.7 6 567.1 19.0 14.4 4.7 7 (5.2) 7 (4.6) 
7 Brown bread 69 45.4 6 235.0 30.1 13.7 4.5 9 (2.7) 6 (5.0) 
8 Pasta 70 46.1 5 079.6 24.2 11.1 3.7 6 (5.3) 8 (3.2) 
9 Chips 50 32.9 3 782.0 25.2 8.3 2.7 8 (3.5) 9 (2.5) 
10 Milk 137 90.1 3 010.0 7.3 6.6 2.2 13 (2.1) 10 (2.2) 
16 Cereal 37 24.3 2 101.3 18.9 6.1 1.5 10 (2.7) 18 (1.2) 
Abbreviations: CHO = Carbohydrates    TC = Total carbohydrates 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
“Sugar” includes all sugar added to tea, coffee, cereals and porridges 
“Potato” includes all boiled, mashed, oven roasted and sautéed potato 
“Chips” include all deep fried potatoes, while “Crisps” refer to store-bought packet chips e.g. Simba, NikNaks, Flings etc. 
 
Table sugar (added to tea, coffee, porridges and cereals) contributes almost half to total added 
sugar intake and carbonated beverages a quarter (Table 6.8). A variety of other confectionary 
items and beverages make up the rest of the sugar intake. Prominent differences in ranking 
between adolescent and adult participants include koeksisters that are ranked higher in 
adolescents and dairy-fruit juice mixes, jam and sugar added to pumpkin that are ranked 








TABLE 6.8 Top 10 food items contributing to added sugar intake for the total study sample 






















1 Sugar 149 98.0 17 912.2 40.1 39.3 44.2 1 (45.3) 1 (43.8) 
2 Carbonated drink 115 75.7 10 273.5 29.8 22.5 25.3 2 (28.6) 2 (24.4) 
3 Sweets 58 38.2 2 180.6 12.5 4.8 5.4 4 (4.6) 3 (5.6) 
4 Chocolate 44 28.9 1 515.7 11.5 3.3 3.7 3 (6.5) 5 (2.9) 
5 Cake 35 23.0 1 451.8 13.8 3.2 3.6 5 (3.4) 4 (3.6) 
6 Dairy-fruit juice mix 27 17.8 741.9 9.2 1.6 1.8 9 (0.8) 6 (2.1) 
7 Cookies 37 24.3 696.9 6.3 1.5 1.7 7 (1.9) 8 (1.7) 
8 Jam 25 16.4 695.5 9.3 1.5 1.7 14 (0.5) 7 (2.1) 
9 Koeksister 14 9.2 644.8 15.4 1.4 1.6 6 (2.2) 11 (1.4) 
10 Ice cream 21 13.8 594.7 9.4 1.3 1.5 8 (0.8) 9 (1.6) 
11 Cold drink 21 13.8 505.2 8.0 1.1 1.2 10 (0.8) 12 (1.4) 
12 Pumpkin 30 19.7 491.0 5.5 1.1 1.2 20 (0.2) 10 (1.5) 
Abbreviations: TS = Total sugar 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
“Sugar” includes all sugar added to tea, coffee, cereals and porridges 
 
White bread was the most prominent contributor to fiber intake, with potatoes and brown 
bread also making a reasonable contribution (Table 6.8). A variety of other foods contribute 
to the total fibre intake of the participants. Only two fruits were ranked in the top ten 
contributing foods, and no vegetables were consumed in amounts sufficient to contribute to 
fibre intake. Differences that stand out between adolescent and adult participants are chips 
and pasta that are ranked higher for adolescents, and brown bread, high fibre cereal and 







TABLE 6.9 Top 10 food items contributing to total fibre intake for the total study sample 






















1 White bread 137 90.1 1 319.6 3.2 2.9 14.0 1 (15.7) 1 (13.6) 
2 Potato 142 93.4 823.2 1.9 1.8 8.7 2 (9.1) 3 (8.6) 
3 Brown bread 69 45.4 797.5 3.9 1.7 8.4 4 (5.6) 2 (9.1) 
4 High fibre cereal 51 33.6 544.3 3.6 1.2 5.8 7 (5.2) 4 (5.9) 
5 Beans 46 30.3 479.7 3.5 1.1 5.1 6 (5.2) 5 (5.0) 
6 Apples 65 42.8 430.5 2.2 0.9 4.6 5 (5.6) 6 (4.3) 
7 Chips 50 32.9 377.1 2.5 0.8 4.0 3 (5.7) 9 (3.6) 
8 Oranges 44 28.9 375.4 2.8 0.8 4.0 9 (4.7) 7 (3.8) 
9 Lentils 32 21.1 347.6 3.6 0.8 3.7 11 (3.5) 8 (3.7) 
10 Pasta 70 46.1 307.0 1.5 0.7 3.2 8 (5.0) 11 (2.8) 
11 Crisps 115 75.7 287.8 0.8 0.6 3.0 10 (3.6) 10 (2.9) 
Abbreviations: TFib = Total fibre 
Portion per capita = total grams consumed divided by the total sample n=152, and divided by three days 
 “Potato” includes all boiled, mashed, oven roasted and sautéed potato 
“Chips” include all deep fried potatoes, while “Crisps” refer to store-bought packet chips e.g. Simba, NikNaks, Flings etc. 
 
Fifty-one (33.6%) participants, 13 (43.3%) adolescents and 38 (31.1%) adults, reported 
consuming alcohol 30 days prior to conception, with a mean intake of 0.2 drinks per day (6 
days per month), ranging from 0.002 to 0.9 drinks per day (0.06 – 27 days per month). There 
was no significant difference between adolescent and adult participants for alcohol intake. 
 
Dietary diversity scores (DDS) 
For the first DDS calculation, the mean ±SD DDS of the study sample was 5.0 ±1.2, and was 
similar between adolescents (5.1 ± 0.8) and adults (5.0 ±0.9) (Independent sample t-test 
p=0.9465). In the total group 12 participants (7.9%) had a DDS less than 4, and 140 
participants (92.1%) had a DDS ≥4. There were no differences between adolescents [DDS<4: 
n=1 (3.3%); DDS≥4: n=29 (96.7%)] and adults [DDS<4: n=11 (9.0%); DDS≥4: n=111 




The DDS was also calculated using vitamin A rich fruits and vegetables as a category 
separate to other fruit and other vegetables, and showed that other fruits and vegetables were 
consumed much more frequently than vitamin A-rich fruits and vegetables (Table 6.10). With 
these categories the mean DDS was 5.1 ±1.2, and remained the same between adolescent and 
adult participants (5.2 ±0.8, and 5.1 ±0.9 respectively) (Independent sample t-test p=0.8011). 
In the total group 13 participants (8.6%) had a DDS less than 4. There were no differences 
between adolescents [DDS<4: n=1 (3.3%); DDS≥4: n=29 (96.7%)] and adults [DDS<4: n=11 
(9.0%); DDS≥4: n=111 (91.0%)] (Chi-square test p=0.3042). The food groups that 
contributed mostly to the latter DDS included milk and milk products, fats and oils, meat and 
meat products and cereals and cereal products (Table 6.10).  
 
TABLE 6.10 Number of eaters per day of dietary diversity score food groups for the total 
study sample (n=152)  

















Milk and milk products 113 74.3% 129 84.9% 116 76.3% 119.3 78.5% 
Nuts and seeds 36 23.7% 32 21.1% 32 21.1% 33.3 21.9% 
Fats and oils 122 80.3% 118 77.6% 113 74.3% 117.7 77.4% 
Meat and meat products 140 92.1% 143 94.1% 147 96.7% 143.3 94.3% 
Eggs 34 22.4% 35 23.0% 28 18.4% 32.3 21.3% 
Cereals and cereal products 152 100.0% 152 100.0% 152 100.0% 152.0 100.0% 
Vitamin A rich fruit and vegetables 33 21.7% 38 25.0% 42 27.6% 37.7 24.8% 
Other fruit 64 42.1% 89 58.6% 75 49.3% 76.0 50.0% 
Other vegetables 77 50.7% 78 51.3% 88 57.9% 81.0 53.3% 
Abbreviations: DDS = Dietary diversity score    No. = number 
 
6.3 Discussion 
One of the most notable characteristics of the dietary intake of this sample of pregnant 
women is the high intake of refined carbohydrates such as added sugar, refined starches, 
crisps, and carbonated drinks. Sugar was the number one most commonly consumed food 
item, the second highest contributor to total energy and carbohydrate intake, and the top 
contributor to added sugar in this study sample. By far the highest contributor is sugar added 
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to tea, coffee and/or cereals, with a mean total per eater per day of 40.1g, equating to 
approximately eight teaspoons of sugar. This is separate to sugar added to foods during 
preparation, most notably pumpkin, which, for just under a fifth of the population, added an 
extra teaspoon of sugar per day. The other South African studies that were conducted on 
pregnant women reported frequent and high sugar intakes (Kesa & Oldewage-Theron, 2005; 
Jaffer et al., 2008), although not as high or frequent as the current study. Kesa & Oldewage-
Theron (2005) reported sugar to be the tenth most commonly consumed food in their study 
sample, while Jaffer et al. (2008) found sugar to be consumed between eight and ten times 
per week, by an average of 87.5% of their study sample. However, in the general population, 
even higher sugar intakes of 51 g/day (15% of TE) and 38 g/day (11% of TE) have been 
reported for young and older urban black adults respectively from Cape Town that 
participated in the Cardiovascular Risk Study in Black South Africans (CRIBSA) (Steyn & 
Temple, 2012). Furthermore, a five-year follow-up cohort of 2 010 urban and rural black 
adults from the North West province in South Africa that participated in the PURE study 
found that the intake of added sugar had approximately doubled from 2005 to 2010. The 
women in their follow-up sample consumed an average of 72.1g of sugar per day which 
contributed to 10.0% of their total energy intake (Vorster et al., 2014). 
 
Other highly refined carbohydrate foods in the top 20 most commonly consumed foods 
included white bread, white rice, carbonated drinks and crisps. Carbonated drinks were the 
eighth most commonly consumed food item, the seventh highest contributor to total energy 
intake, and the third highest contributor to total carbohydrate intake. Mostert et al. (2005) 
also reported a high intake of such sugar sweetened beverages. The high intake of these 
energy dense foods may cause weight gain and irregularities in blood glucose levels, which 
may contribute to excessive foetal size (Scholl et al., 2001). Furthermore, since energy dense 
foods like carbonated drinks usually have a low micronutrient content, the risk for inadequate 
micronutrient intake increases. It is thus concerning that adolescents had an even higher 
intake of crisps, carbonated drinks, chocolate, koeksisters and ice-cream than adults. 
 
As with the current study, starches also made up the bulk of food intake in three other South 
African studies done on pregnant women (Mostert et al., 2005; Jaffer et al., 2008; Tshitaudzi, 
2003). The high intake of starches may contribute to achieving adequate micronutrient intake 
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due to the fact that foods such as maize meal and white and brown bread flours are fortified 
with vitamin A, thiamin, riboflavin, niacin, pyridoxine, folic acid, iron and zinc (UNICEF, 
2007). It must be noted that while several studies conducted on pregnant women in South 
Africa (Bopape et al., 2008; Kesa & Oldewage-Theron, 2005; Mostert et al., 2005; 
Tshitaudzi, 2003) reported maize meal to be one of the most commonly consumed foods, 
only a fifth of the current study sample consumed maize meal, which contributed 0.7% to 
total energy intake, and was the 18th highest contributor to carbohydrates.  
 
It is also concerning that most of the starches consumed in this study sample were refined.  
White bread was the top contributor to total energy intake with an average consumption of 
four to five slices per woman per day.  In fact, the intake of whole-grain or high fibre items 
was low, with only three such items (potatoes, cereals and apples) appearing on the top 20 list 
of foods contributing to total carbohydrate intake. Just under a quarter of the total fibre intake 
came from foods not high in fibre, suggesting a very large intake of those foods, with white 
bread being the highest contributor. Foods that are high in fibre (high-fibre cereal, beans, 
lentils and oats) were consumed by fewer participants, and in much smaller amounts than 
more refined foods. The higher fibre foods were consumed even less frequently by 
adolescents. The significant price difference between whole-wheat and white bread (white 
bread being ±17% cheaper) (Temple et al., 2011) would make it difficult for a low socio-
economic population to afford the healthier option. While the beneficial effect of whole-
grain, high fibre foods has been well researched (Mann, 2007; Key & Spencer, 2007; WHO, 
2003), the recent general trend in South Africa has been to a diet of more refined 
carbohydrates, and more added sugar (Vorster et al., 2014; Steyn, 2006). A poor intake of 
fibre-rich foods was also evident from studies that included pregnant women in South Africa 
with Jaffer et al. (2008) reporting an average of just over one fruit and vegetable serving per 
day, and legumes being consumed twice per week. Furthermore, none of the top ten 
commonly consumed food items in the study by Kesa and Oldewage-Theron (2005) were 
high in fibre, while Mostert et al. (2005) reported “small amounts” of vegetables consumed. 
  
The increase in micronutrient requirements during pregnancy is greater than the increase in 
energy requirements, necessitating a higher nutrient-dense diet (Erick, 2012, Williamson, 
2006), and hence the need for plenty of fruits and vegetables. The general intake of fruits and 
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vegetables in this study sample was low. Tomatoes and apples were the only fruits and 
vegetables on the top 20 most commonly consumed food list, appearing only at the 13th and 
18th positions respectively. Two participants reported not consuming any fruits or vegetables 
for the three days assessed. The mean intake of fruit and vegetables was only 126.4g per day 
which equates to an average of three portions per day. This is below the recommended 400g 
or five portions of 80g per day (Naude, 2013). Fruits and vegetables contributed nominally to 
total energy and carbohydrate intakes. Apples ranked the highest at 23rd in total energy and 
13th in total carbohydrates, while pumpkin ranked 47th in total energy and 36th in total 
carbohydrates. Tomatoes ranked 56th in total energy and 41st in carbohydrates. Fruit and 
vegetable intake was similarly low amongst all assessed studies on pregnant South African 
women who reported on fruit and vegetable intake (Bopape et al., 2008; Jaffer et al., 2008; 
Kesa & Oldewage-Theron, 2005). Of these studies, Jaffer et al. (2008) reported an average 
weekly intake of 7.8 portions of fruit and vegetables, while Bopape et al. (2008) and Kesa & 
Oldewage-Theron (2005) mention a poor intake, and no fruits or vegetables making the top 
ten most commonly consumed foods. Schneider et al. (2007) reported fruit and vegetable 
intake in South Africa with daily estimated intakes for women of 226g/day.  
 
 Apples, oranges, bananas and peaches were consumed by at least a fifth of the study sample, 
while the remaining sixteen different fruits reported were consumed by only nineteen or 
fewer women.  Eating a variety of fruits as part of a healthful diet may reduce the risk of 
some chronic diseases (Naude, 2013b). It is recommended to consume one serving daily of a 
yellow-orange fruit (e.g. mango, paw-paw) (Naude, 2013), which, in the current study, 
ranked 19th and 21st in the total study sample. Fruits contain several essential nutrients 
including vitamin A, vitamin C, potassium, phytochemicals and fibre (Schneider et al, 2007). 
Apples, ranked as the most commonly consumed fruit, are good sources of fibre, while 
bananas, ranked fourth, are a good source of potassium. Oranges, ranked third overall are a 
reasonable amount of vitamin C. However, increased fruit intake and a greater variety of fruit 
are required to obtain the full health benefits.  
 
It should be noted that fruit juice is included in the total gram amount calculated for fruit and 
vegetable intake and contributed 9 932.5g (5.4%) to this amount. Fruit juice was ranked as 
the fourth most commonly consumed ‘fruit’ amongst adults, whereas this was first amongst 
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the adolescents. Very few of the women reported purchasing and consuming freshly squeezed 
fruit juice which would offer more nutrients and less sugar than the more common 
commercial fruit juice concentrates and artificial juices. Fruit juice was also ranked high on 
the commonly consumed foods lists in the studies by Mostert et al. (2005) and Kesa & 
Oldewage-Theron (2005). 
 
The general vegetable consumption was more varied, with each of the top five most 
commonly consumed vegetables being consumed by just over a quarter of the study sample. 
As with fruits, a variety of vegetables is recommended. It is suggested that consuming a 
single daily serving each of cruciferous vegetables (e.g. broccoli and cabbage), dark-green 
leafy vegetables (e.g. spinach) and yellow-orange vegetables (e.g. carrots, butternut) could 
have protective benefits against several non-communicable diseases (Naude, 2013; 2013b). 
The study sample did not reach intakes that will meet these recommendations. From the most 
commonly consumed vegetables, cabbage (ranked 7th) and broccoli (13th) were consumed by 
only 20.4% of the participants, spinach (22nd) by 0.7%, and pumpkin (4th), carrots (5th), and 
butternut (14th) was consumed by 42.1%. While the consumption of yellow-orange 
vegetables is still inadequate, they are consumed significantly more regularly than cruciferous 
vegetables. The intake of spinach was only reported by one participant on one of the three 
recall days.  
 
The most commonly consumed protein source in this study sample was chicken. Chicken was 
also the second most commonly consumed food in the total sample, while other animal 
protein sources included cheese (8th), beef (12th), sausage (14th), eggs (15th) and polony (16th). 
Chicken also contributed largely to total energy intake, at least partly because the majority of 
chicken was consumed with the skin on, was roasted or fried with fat, or was deep fried. 
Although cheese is a relatively expensive item, it ranked higher on the most commonly 
consumed foods list than most other cheaper plant-based protein sources which were ranked 
very low. While the overall intake of saturated fats should be limited, a recent meta analysis 
found that hard cheeses may lower LDL-cholesterol (de Goede et al., 2015), and that the 
specific whey proteins in cheese may counter the effect of the high fat and added sodium in 
cheese (Tavara & Malcata, 2012). A meta analysis done on red and processed meat indicate a 
dose-response, with higher intakes increasing the risk of total, cardiovascular and cancer 
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mortality (Wang et al., 2015). Eggs are a source of complete protein, and have been shown to 
contribute towards satiety and weight management (Murphy & Allen, 2003). Despite the high 
cholesterol content of eggs, epidemiological studies have unfailingly shown a non-significant 
relationship between the intake of eggs and cardiovascular disease risk (Schonfeldt et al., 
2013). The current intake of eggs in the study sample is good as the consumption of eggs are 
thus recommended, but preparation methods need to be considered. Looking at other South 
African studies, several found a low intake of protein-rich foods. Kesa and Oldewage-Theron 
(2005) did not have any high protein foods in their top ten most commonly consumed foods, 
while Mostert et al. (2005) reported only small amounts of chicken intake, and Tshitaudzi 
(2003) found a lower protein intake in pregnant adolescents than non-pregnant adolescents. 
Tshitaudzi (2003) also found a significant difference in protein intake from plant and animal 
sources, with a greater contribution from plant sources (38.1g vs. 22.6g).  
 
The low intakes of fish, with only 38.1% of the participants reporting any fish intake in the 
three 24-hour recalls, is concerning. While several participants did consume pilchards, 
sardines, and even salmon (34.9%) which contain high amounts of readily bio-available 
omega-3 PUFAs, half of the fish consumed was battered and fried, and most fish consumed 
were lowfat fish such as hake and tuna that contain low amounts of the omega-3 PUFAs. The 
national food consumption survey (NFCS) in South Africa found intakes of PUFA to be low, 
especially in those who also had a low total fat intake, (Smuts & Wolmarans, 2013) and 
found fish intake to be much lower than the recommended two to three portions of 80-90g 
twice per week (Schonfeldt et al., 2013). Although the study was done on children between 
one and nine years of age, Smuts and Wolmarans (2013) suggest that although it does not 
necessarily reflect composition of the intake in adults, it may still provide some indication of 
the household diet. During pregnancy the intake of omega-3 PUFAs such as EPA and DHA 
become vital for brain and nervous system development (Koletzko et al. 2014; Gould et al., 
2013; Campoy et al., 2012; Kris-Etherton & Innis, 2007). 
 
Plant protein sources are generally cheaper and can contribute significantly to total protein 
intake if consumed in combinations that incorporate all essential amino acids and make up 
complete protein intake (FAO/ WHO 2002). White and brown bread were ranked as the third 
and fifth largest contributors to protein. Since bread does not contain a significant amount of 
protein, this indicates a very high intake of bread relative to high quality high protein sources. 
Other plant protein-rich sources did not rank very high on the most commonly consumed 
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foods or the total energy lists, and were consumed in smaller amounts and by fewer people 
than less plant protein-rich sources. Beans, being a cheap source of protein, was consumed by 
close to a third of the participants, ranked 21st on the contribution to total protein list (1.0% of 
total protein), and ranked as the 27th most commonly consumed food. Peanut butter, another 
plant protein source, ranked 20th in total protein contribution, and 40th on the most commonly 
consumed list. Peanut butter and nuts were not mentioned by any other studies on pregnant 
South African women, while intake of legumes was reported to be low by Jaffer et al. (2008). 
In the general South African diet of both adults and children, legume and nut intake was 
similarly low (Labadarios et al., 2011), being consumed by only 19.7% of the sample from 
the NFCS (Steyn & Ochse, 2013). 
 
It is evident that none of the top ten foods contributing to fat intake are good sources of 
omega-3 PUFAs or MUFAs. Instead, crisps, margarine, chips and other fried potatoes, 
sausage, beef, cheese, polony, and pies make up just over half of the total energy intake from 
fat, and make up seven of the top ten contributors to total fat. This indicates a very high 
intake of saturated fatty acids. Although these foods are also high in essential omega-6 
PUFAs, excessive intakes of omega-6 PUFAs have been shown to have pro-inflammatory 
effects (Keeren et al., 2015). These mostly processed foods are generally less expensive than 
sources like avocados, nuts, olives and fatty fish that would offer greater amounts of MUFAs 
and omega-3 PUFAs (Brooks et al., 2010). While chicken meat does contribute some 
unsaturated fats to the diet, several participants reported eating fried chicken (5.4%) and 
chicken with the skin (67.2%), which contributes more to trans fatty acids and saturated fatty 
acids. 
 
When comparing snack foods between adolescent and adult participants, poor food choices 
become evident specifically in adolescents. Chocolate is ranked as the 8th highest contributor 
to fat intake in adolescents, but only 23rd in adults. The same is true with crisps, which was 
classified as the third most commonly consumed food for adolescents, but only tenth in adults 
Cake, koeksisters and ice cream were also more commonly consumed by adolescents than 
adults. However, sweets, cookies, jam, and sugar added to pumpkin dishes were more 




As a general indicator of dietary diversity, the DDS indicated an acceptably diverse intake of 
food groups within this study sample with fewer than 9% of the sample having an inadequate 
DDS. Similar findings were reported by Labadarios et al. (2011) that found a 15.7% 
inadequate DDS (<4) in adolescent and adult participants in the Western Cape province. 
However, Drimie et al. (2013) reported 37% of their study sample of adults from 
Johannesburg to have a DDS <4. While foods in the current sample are consumed from a 
variety of food groups, fruit and vegetable intake is very low, and further variety and 
diversity within other food groups may be lacking. 
 
Bearing in mind the limitations of self-reported dietary intake, especially the problem of 
under- and over-reporting, it can be concluded that the dietary intake of pregnant women in 
this sample is characterised by a high intake of refined carbohydrates, especially added sugar, 
white bread and carbonated drinks and a low intake of whole grains and foods high in fibre. 
Intakes of fruits and vegetables are inadequate, specifically the intake of yellow fruit, 
cruciferous and green leafy vegetables. The food sources that contributed mostly to fat intake 
are typically high in saturated fatty acids (e.g. high fat and processed animal products) and 
omega-6 PUFAs (e.g. margarine, sunflower oil for cooking). While these fatty acids were 
also provided by the regular consumption of energy-dense snack foods, especially crisps and 
chocolate, limited amounts of food sources high in MUFA and omega-3 fatty acids were 
consumed. Protein was consumed largely from animal sources, with low intakes of legumes. 
Fish intake was insufficient and characterized by the consumption of low fat varieties such as 
hake while the intake of fish high in omega-3 PUFAs was specifically low. The majority of 
meat and fish was fried or deep-fried. In general, food choices made by adolescents were 
higher in energy, refined carbohydrates, sugar and saturated fats, and lower in vegetables and 
high-fibre options. 
 
While the dietary diversity scores indicate adequate variety of the dietary intake from 
different food groups of this study sample, poor food choices within the food groups are 
apparent (e.g. frying food, high intake of refined foods, sugar added to vegetables) and may 
limit the amount of micronutrients consumed which may adversely influence pregnancy and 
pregnancy outcome. It is clear that antenatal care for women in this area should include 
dietary education with a strong focus on the intake of healthy and affordable food and 
























It is undisputed that adequate nutritional intake during pregnancy is important for optimal 
health outcomes for mother and infant (NHMRC, 2013; Wu et al., 2004) since several 
vitamin and mineral requirements increase substantially during pregnancy (Erick, 2012; 
Trumbo et al., 2002). This makes a nutrient-dense rather than energy-dense diet essential 
(Cox & Phelan, 2008), and since no one food or food group can provide all the nutrients 
required, variety in dietary intake is key to a healthy lifestyle and pregnancy outcome (Steyn 
& Ochse, 2013).  
 
Despite the importance of adequate nutrition in pregnancy, very few studies have investigated 
this in South Africa. The studies that have been done (Bopape et al., 2008; Jaffer et al., 2008; 
Kesa & Oldewage-Theron, 2005; Mostert et al., 2005; Tshitaudzi, 2003; Klinger, 2004; 
Mamabolo et al., 2004) all found general high carbohydrate intakes and poor intakes of fibre, 
fruits and vegetables, iron, folate, vitamin C and zinc. The majority of these studies included 
both adolescent and adult participants (Bopape et al., 2008; Jaffer et al., 2008; Kesa & 
Oldewage-Theron, 2005; Mostert et al., 2005; Mamabolo et al., 2004), except for Tshitaudzi 
(2003) who assessed only adolescents and Klinger (2004) who assessed only adults. Four 
studies were done in the Limpopo province (Bopape et al., 2008; Mostert et al., 2005; 
Tshitaudzi, 2003; Mamabolo et al., 2004), one in Gauteng (Kesa & Oldewage-Theron, 2005), 
and two in the Western Cape (Jaffer et al., 2008; Klinger, 2004). 
 
The aims of this study was to investigate the adequacy, diversity and variety of dietary intake 
and associated factors (anthropometry, socio-demographic status) in participants attending 
the Bishop Lavis MOU in Cape Town, and recruited into the Safe Passage Study (PASS). We 
assessed the socio-economic and anthropometric profiles of the study sample and 
investigated associations in the total group and between adolescent and adult participants. 
This was done to aid in implementing successful intervention strategies by highlighting 
possible causes of poor pregnancy outcomes. The dietary intake of participants was assessed 
using the average of three 24-hour recalls. This method is inexpensive, has relatively low 
respondent burden (Lee & Nieman, 2010), is better suited to study samples with lower 
literacy levels, and is less likely to influence actual dietary intake (Cade et al., 2002). The 
limitations of the 24-hour recall method need to be taken into account, as this method relies 
on memory and conceptualisation of portion sizes (Cade et al., 2002) and is prone to under-
reporting of unhealthy foods (Lee & Nieman, 2010). Furthermore, the possibile influence of 
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non-responder bias should be borne in mind when interpreting the results of this study as no 
data of those that did not consent to participate were collected.  
 
The data from the three 24-hour recalls was interpreted using DRIs to provide insights into 
adequacy of intakes of energy, macro- and micro-nutrients. Further insights into the adequacy 
of intake were gained from computing the NARs and MAR as well as comparing data with 
the SAFBDG by converting the 24-hour intake data to frequency of intake from specified 
food groups. Dietary variety was investigated by identifying the 20 most frequently 
consumed food items and also the most frequently consumed fruits and vegetables. The top 
ten foods contributing to toal energy, protein, carbohydrates and fats were identified to 
provide insights into the main sources of the macronutrients. Furthermore, two versions of 
the DDS were calculated to further assess variety of intake.  
 
The results of the adequacy, quality, variety and diversity assessments of the three repeated 
24-hour recalls need to be interpreted bearing in mind the limitations of this dietary 
assessment method. A single interviewer was used to conduct all interviews, coding of the 
recalls was done by one experienced dietitian, and various data cleaning steps were taken to 
increase the validity thereof. Inspection of the validity of the data using the Goldberg cut-offs 
showed that 55.0% were accurate reporters, while 18.1% under-reported and 26.9% over-
reported. Furthermore, those with a BMI >35kg/m2 tended to be more likely to under-report. 
These results regarding the potential validity of the 24-hour recall data indicate that cautious 
interpretations and conclusions should be made. This, however, does not detract from the 
contribution that the results can make to insights in current dietary intake as there is very 
limited research on the dietary intake of pregnant women in South Africa. 
 
Findings were interpreted within the context of the work by Bopape et al. (2008), Jaffer et al. 
(2008), Kesa & Oldewage-Theron (2005), Mostert et al. (2005), Tshitaudzi (2003) and 
Klinger (2004). It needs to be noted that comparisons between studies were challenging due 
to a lack of standardisation in research aims, methods, and reference indicators. Only two of 







7.2 Integrated results and conclusions 
Weight status  
Weight status is one of the determinants of a healthy pregnancy outcome (Ehrenthal et al., 
2014). In line with the growing obesity epidemic in South Africa, one in three of the study 
participants were classified as overweight or obese prior to pregnancy. Simultaneously, 
however, one in eight women were classified as underweight suggesting the double burden of 
over- and under-weight in this sample of pregnant women which is in line with results from 
South African populations (Toriola et al., 2012). Adolescents seemed to be less well-
nourished than adults, who may, in turn, be more likely to be overweight or obese. The total 
amount and the rate of weight gain during pregnancy also influences pregnancy outcome 
(Ehrenthal et al., 2014; Calvo & Lopez, 2012). The majority of the study sample (84.4%) 
gained either insufficient or too much weight according to recommended guidelines, further 
increasing their risk of adverse pregnancy outcomes, as well as exacerbating their personal 
poor health and weight status (Davis et al., 2014; Han et al., 2010; Mamun et al., 2014; 
Crozier et al., 2010; IOM, 2009). While the risk of several adverse pregnancy outcomes is 
increased, the impact of these in-utero conditions may likely perpetuate the negative effects 
in the future of these offspring (Langley-Evans, 2014; Barker, 2002).  
 
There are limitations to the anthropometric data that need to be considered. The pre-
pregnancy weight, pre-pregnancy BMI and weight change variables were self-reported and 
need to be interpreted with caution. Self-reported weight relies on the individual knowing and 
remembering their weight of several months prior to the interview and reporting it accurately. 
More than half of the study participants were unable to provide an estimation of their weight 
prior to conception, reducing the study sample size for these variables.  
 
Major concerns about dietary intake 
The mean DDS of the study sample suggests an acceptably diverse intake of food groups. 
Although fewer of the study sample scored a low DDS when compared to other studies done 
in South Africa (Drimie et al., 2013; Labadarios et al. 2011), the food choices were generally 
not varied and healthy enough, as is reflected by the results of the most commonly consumed 
foods. These included sugar which was the most commonly consumed food item, followed 
by margarine in fourth, white bread in sixth, carbonated drinks in eighth and crisps in tenth 
place. Furthermore, the intake of several food groups did not meet the SAFBDG 
recommendations. Thus, although a variety of foods may have been consumed, healthy grain 
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and fat choices as well as portion sizes and frequency of consumption of fruits, vegetables 
and legumes may have been generally insufficient.  
 
The excessive intake of sugar and other refined carbohydrate foods such as white bread and 
white rice is highly concerning. The daily mean per capita intake of added sugar of the total 
sample was 89.0g, and the daily per capita intake of table sugar was 39.3g. Thus 
approximately 10% of total energy intake comes from sugar added to tea, coffee and cereals 
by the person themselves, with carbonated drinks adding most of the rest. Added sugar 
contributed 20.5% to total energy intake, making up close to half of the total carbohydrate 
contribution. With the high proportion of carbohydrates coming from refined sources, the 
intake of whole grain foods is inadequate. These factors greatly increase the mother’s risk of 
developing diabetes, either during pregnancy or afterwards (Malik et al., 2010). The adverse 
effects of sugar on glucose tolerance and the subsequent effect on weight status have been 
emphasised in several studies (Salas-Salvado et al., 2011; Malik et al., 2010; Mann, 2007). 
Poor blood glucose control has also been shown to have adverse effects on foetal 
development and the offspring’s future health (Tanaka et al., 2014; Calvo & Lopez, 2012; 
Landon et al., 2009).  
 
The total fat intake of the study sample contributed 46.0% to total energy intake, which is one 
and a half times the upper limit of the recommendation. A large portion of this was in the 
form of SFA (12.3% TE). The FBDGs recommends that fats should be consumed sparingly, 
but intake in the study sample equalled 9.7 servings per day. High intakes of fat are further 
supported by the fact that margarine was ranked as the fourth most commonly consumed food 
item with per capita portion sizes of 10.1g. Several of the protein choices made by the study 
sample were high in fat, particularly in saturated fat, with cheese, beef, sausages and eggs all 
ranking in the top 20 most commonly consumed foods. Preparation methods of potatoes and 
chicken also added substantially to the high fat intake. The high fat and saturated fat content 
of the diets of the study sample may increase their risk for obesity and cardiovascular disease 
(Smuts & Wolmarans, 2013).  
 
The inadequate intake of folate, iron, zinc, calcium and magnesium in the total study sample 
is concerning because of the roles that each of these nutrients play in optimal pregnancy 
outcomes. The requirements of all these nutrients increase during pregnancy for adults and 
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adolescents, except that of calcium which increases only for pregnant adolescents (IOM, 
2010; Cox & Phelan, 2008). The most likely explanation for these inadequate intakes is the 
poor variety, specifically in terms of low intakes of legumes, nuts, seeds, fish, milk, fruit and 
vegetables, combined with poor food choices, especially in terms of the consumption of 
refined carbohydrates rather than whole-grains as is reported in this study sample. The lack of 
dark-green leafy vegetable intake (being consumed by only one participant on one day) may 
be a good intervention point as this is a good source of several of the inadequately consumed 
micronutrients. Inadequacies of these nutrients increase the risk of prematurity (folate, iron, 
zinc, magnesium), LBW (folate, iron, magnesium), poor brain and cognitive development in 
the infant (iron, zinc), and pre-eclampsia and hypertension in the mother (folate, zinc, 
calcium, magnesium). 
 
Contrary to dietary recommendations during pregnancy, the common food choices of the 
study sample were high in energy and low in nutrient density. Food and snack choices were 
particularly poor among adolescents. For example, chocolate was ranked as the 8th highest 
contributor to total fat in adolescents while ranking as only the 23rd highest fat contributor for 
adults. What is of particular concern is that adolescents, whose food choices were often 
poorer and whose fruit and vegetable intake was lower, require more nutrient dense foods to 
meet their further elevated nutrient requirements (Wendt et al., 2012; Brown, 2008). This 
puts adolescents at greater risk of adverse pregnancy outcomes. 
 
Other concerns 
The mean total energy intake (10 168kJ) of the study sample was below the EER, with 79.6% 
of the participants falling below the EER cut-point. When interpreting these results, it needs 
to be considered that only 55% seemed to have reported their energy intakes accurately. In 
addition, the majority of the sample who provided pre-pregnancy weights were either normal 
weight (57.0%), overweight (12.7%) or obese (17.8%). Poor energy intake, if present, is 
concerning especially during pregnancy where weight loss can be detrimental to the health of 
the foetus (IOM, 2009). Although there were no statistically significant differences in energy 
intake between adolescent and adult participants, poor energy intake is more concerning in 
pregnant adolescents because of their further increased energy and nutrient requirements and 
their generally micronutrient-poor diets (Northstone et al., 2013). However, the lower energy 
intake in adolescents may have been as a result of under-reporting which is more prevalent in 




The mean protein intake and grams per kilogram per day was above the recommended 
values. Despite this, 42.8% of the study sample did not consume enough protein, which is 
understandable when considering the high cost of meat and meat products (Brooks et al., 
2010) versus the general lower economic status of the study sample. What obscures this 
result is that the intake of relatively cheaper protein sources was very low with peanut butter 
and beans ranking as the 20th and 21st highest contributors to total protein. This may suggest a 
need for dietary education on good quality nutrition choices on a limited budget. 
Furthermore, the type of protein sources could generally be classified as unhealthy including 
high fat cuts or processed meats. 
 
 Results in the South African context 
The findings from other studies done on pregnant South African women are similar to those 
from this study with excessive intakes of refined carbohydrates, sugar and fat, and low 
intakes of mean energy, fibre and fruits and vegetables. Folate, iron, zinc, calcium and 
magnesium intakes were insufficient to meet pregnancy requirements.  
 
Good aspects of the diet 
Results show that there was a low risk of deficiency for several nutrients including riboflavin, 
niacin, vitamin B6, vitamin B12, phosphorous, sodium and copper. This was supported by 
analysis of the NAR which showed adequate intakes of all B vitamins (except folate), 
phosphorous, sodium, zinc, copper and manganese. These findings may be explained by the 
adequate (and excessive) intake of foods from the “starch” and “meat, poultry, fish, and 
eggs” groups of the SAFBDG, as these foods are generally high in B vitamins, phosphorous, 
zinc and sodium (Gallagher, 2012). The mandatory fortification of maize meal and white and 
brown bread flour with folic acid, iron, vitamin A, thiamine, riboflavin, niacin, pyridoxine 
and zinc, may also be contributing to the adequate intakes of these nutrients. Concurrently, 
mean intake of protein was also within the DRI, and the NAR showed adequate intake of 
protein and carbohydrates.  
 
Associated SES factors 
With the study sample being classified as generally low in socio-economic status, 
associations between the dietary variables and income and education are insightful. Low SES 
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and lower income suggest less availability and less accessibility to adequate resources, 
including prenatal care and varied, nutritious foods. Whole grain cereals are generally more 
expensive than their refined counterparts (Temple et al., 2011), fruits and vegetables are 
commonly more expensive (Brooks et al., 2010; Temple et al., 2009), and foods high in fat 
are generally more affordable than good quality protein sources (Brooks et al., 2010). While 
fatty foods are not necessarily inexpensive, their palatability and the satiety that they provide 
may clarify why they are popular food choices (Weltens et al., 2015; Grabenhorst & Rolls, 
2014). The poor socio-economic status of this study sample may therefore be increasing the 
risk of diabetes and cardiovascular disease, as fibre and micronutrients from fruits and 
vegetables have important beneficial effects on blood glucose levels and heart health 
respectively (Naude, 2013; Rizotto et al., 2010; Roman et al., 2014). A diet high in saturated 
and trans fats (and low in healthier unsaturated fatty acids) may have detrimental effects on 
both diabetes and cardiovascular health (Mennitti et al., 2015; Smuts & Wolmarans, 2013; 
Muhlhausler et al., 2010). 
 
 It was found that the greater the number of people relying on household income, the lower 
the intake of energy and protein. Low income was associated with years of education, an 
association that reflects the situation in South Africa where poor education decreases the 
chance of being able to achieve a higher income, and a low income challenges the ability to 
achieve a better education. Furthermore, lower levels of education may suggest less 
likelihood of knowing about or understanding the principles of a healthy diet and lifestyle. 
Overall, the effects of the social and economic factors of this study sample cannot be 
overlooked, and needs to be considered in targeted interventions. 
 
 Current interventions in South Africa for pregnant women 
It is a concern that despite many national interventions being in place to address the nutrition 
related health of pregnant women and young children, we found that these women 
(adolescent and adult participants), may still be at nutrition risk. Within the South African 
context, the integrated nutritional supplementation/ therapeutic programme (NSP/ NTP) was 
initiated in 1995. It focused specifically on maternal and child health, and offered food and/ 
or micronutrient supplementation to women that met certain criteria (Grundlingh et al., 
2013). An assessment done by Grundlingh et al. (2013) concluded that the program had been 
unsuccessful, with only a quarter of pregnant women interviewed being aware of the 
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program, and five out of six women that qualified for supplementation never being registered 
for it. The participants of the current study did not receive any supplements from these 
programmes, but did receive the routine iron and folic acid supplements.  
 
The study by Mamabolo et al. (2004) assessed the Government initiated supplementation 
program at eight antenatal clinics in Limpopo and found the prevalence of iron and folate 
deficiencies to still be common in the area despite supplements being issued at the antenatal 
clinics. Side effects of iron supplements, concurrent high intake of tannins and phytates, and 
inadequate motivation were mentioned as possible barriers to greater efficacy.  
 
The South African national food fortification programme was also initiated to provide 
nutrients found to be consumed below recommendations. This programme entails 
compulsory fortification of maize and white and brown bread flours with folic acid, iron, 
vitamin A, thiamine, riboflavin, niacin, pyridoxine and zinc, and was implemented in October 
2003 to improve the nutritional composition of the average dietary intake of South Africans 
(UNICEF, 2007). Modjadji et al. (2007) reported that this programme had some positive 
effects on folate status in non-pregnant women in a small rural area in the Limpopo province, 
but not on iron or vitamin B12 status. 
 
7.3 Recommendations  
Well-targeted nutrition education is necessary and may assist in overcoming the dietary 
inadequacies of the targeted sample in question. In this study sample, nutrition education 
should be done with the aim of maintaining a healthy weight status throughout pregnancy in 
order to avoid the complications that arise due to both inadequate and excessive weight gains. 
Nutrition interventions for pregnant adolescents should focus on ensuring sufficient 
nourishment for optimal growth and weight gain, while prevention of excessive weight gain 
during pregnancy and post-partum weight retention should be the focus for pregnant adults. 
 
The content of the nutrition education could focus on the following: 
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 Adverse effects of high intakes of processed foods, refined carbohydrates and 
saturated and trans fatty acids 
 Examples of alternative, healthier, and cheaper protein sources and how to 
incorporate these into daily intake 
 The use of lower-fat cooking methods such as boiling or steaming potatoes and 
vegetables, or dry-roasting chicken or fish  
 Encouraging individuals to explore different ways of preparing foods  
 Encouraging individuals to experiment with a larger variety of foods  
 Affordable alternatives for the most commonly consumed foods. For example, whole 
wheat bread in place of white bread, brown rice (with added lentils) instead of white 
rice or maize meal, and small quantities of artificially sweetened beverages, or 
preferably clean water in place of sugar sweetened beverages  
 Education on the adverse effects of excessive sugar intake and of sources of added 
sugar could be incorporated into school programs or offered as short courses at day 
clinics. These could provide practical tips on how to cut down on or wean off of 
added sugar consumption 
 Including further ideas and tips on healthy, cost-effective snacks, especially in 
adolescents, such as fruits and vegetables. Where possible, schools, clinics and other 
public spaces could be encouraged to set up and run vegetable gardens to assist in 
improving the availability of fresh vegetables and fruits.  
 
The socio-economic situation of the study sample must be taken into consideration when 
deciding on, developing and implementing intervention strategies. Current intervention 
programs can improve on their effectiveness by offering supplements that elicit fewer adverse 
side effects, by educating pregnant women on the benefits of necessary supplements, and by 
promoting and increasing awareness of available programs and the benefits that could be 
reaped from these. Informing all health care providers of these programs as well as ways in 
which they could assist their patients to register for them could increase the efficacy of such 
programs and make them available to a larger proportion of the population.  
 
Concerning future research, several recommendations can be made: 
172 
 
 Future studies should use the standardised food group classifications for determing 
the DDS as suggested by the FAO (Kennedy et al., 2012) to allow for easy 
comparisons between studies and population groups.  
 Further research could be done regarding the lack of association between weight and 
income to confirm the accuracy of this finding or to identify possible confounding 
factors, and to find factors that do influence pre-pregnancy weight status. 
 A similar study could be carried out on a larger study sample, and participants could 
be followed up over the course of their pregnancy to assess nutritional intake and the 
dietary (and anthropometric) changes that take place as pregnancy progresses. From 
these findings, an intervention-based study can be set up to determine the feasibility 
and effectiveness of various intervention strategies to improve dietary intake as well 
as pregnancy outcomes. 
 
In conclusion, this study shows that dietary intake of the study sample is characterised by 
excessive intakes of refined carbohydrates, sugar and fat along with inadequate intakes of 
mean energy, fibre, legumes, fish and fruits and vegetables. A lack of intake of these foods is 
likely a major cause of the inadequate intakes of folate, iron, zinc, calcium and magnesium 
which were insufficient to meet pregnancy requirements. As a result, the study sample is at 
greater risk of unfavourable pregnancy outcomes for both the infant and mother. It seems 
likely that nutrition education, especially with regard to food choices, may have beneficial 
effects on this study sample. Although programs are currently in place to assist pregnant 
women nutritionally they may not be operating as effectively as possible and may not be 
reaching all targeted individuals. These programs offer an ideal setting for nutrition education 
and they should be used as avenues for reaching those that have been identified as having or 
being at risk of deficiencies or inadequate intakes. Although effective supplementation and 
fortification programs may improve the nutritional status of pregnant women it is clear that 
interventions focussing on changing dietary intake is necessary. This may improve the 
general health of pregnant women and pregnancy outcomes which may in turn assist in 
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Environmental Smoking Exposure 
15. How many people currently smoke tobacco inside the home where you live (excluding yourself): 
Number of people: [q1_15] - [q1_15max] 
(sp«;;y t:MJmb« OR~} 
16. Does your workplace allow smoking inside the building (not including a smoking room): 
[q1_16] (circle one) 
No .......................... ................................................. 0 
Yes .......................................... ............................... 1 
Interviewer's Script 
Now, I am going to ask you about tobacco use. Because these questions are personal, any information you share with 
me will be kept confidential. Please refer to the calendar. 
[Q1_11_1] 
17. If you !X!!: chewed, when was your last chew: __ / __ / ___ _ 
(month} (d•y) ()'NT} 
OR 
NEVER CHEWED 0 [q1_11_21 If checked, SKIP TO Interviewer's Script D 
Instructions for the Clinical Coordinator 
(check all that apply) 
Unsure of month [J [q1_17_1umJ 
Unsure of day [J (q1- 17- 1udJ 
Determine the following date range: __ , __ / ____ to __ / __ / ___ _ 
(1 yHr I»J"":ft 1M LAF dMe, ~) (LMP t»1P from ~ity Foml, ~J 
Based on the participant's response to Question 17, check here if the date of the last chew was more than one year 
before the LMP date: 0 [q1_17cc) If checked, SKIP TO Interviewer's Script D 
18. In the year before you became pregnant, how often did you chew tobacco: (SHOW CARD A) 
[q1_18) (drcJe one) 
None ............. ...... .... ............. .... ............................... 0 SKIP TO Interviewer's Script C 
Monthly or less .. . . .. . .. .. . .. . .. . .. .. .. . . ... .. . . . .. .. . . .. .. .. . .. . .. . .. 1 
2 to 4 days a month (approx. once a week)........... 2 
2 to 3 days a week . .. .. . .. . .. ... .. .. . . ..... ......... ....... ... .. . .. 3 
4 to 6 days a week . .. .. . ... .. ... ...... ..... ... ...... .... .. . ... .. . .. 4 
7 days a week........................................................ 5 
19. How many dips or packets did you chew during a typical week when you were chewing in the year before you 
became pregnant: 




Number of packets: [q1_19_2) - [q1_19_2max) 
(~nllffll»rOR~} 
Cocino Key: 
(1) = Don't l<ncNII 
~ = Refused to Answer 












Inst ructions for the Clinical Coordinator 
Please refer to the Recruitment Interview TLFB Interviewer's Guide for interview's script in order to complete the next 
sections. The following fields are required: Type of Alcohol, Size of Container, and # Sharing. If the # of Containers field 
requires additional computations, leave the field blank and complete the next two columns: # of People purchasing or 
bringing and ##of Containers purchased or brought by each. DM-STA Twill determine the # of Containers. 
24. What did you drink on a tvpical day when you were drinking in the year before you became pregnant: 
Type of Alcohol Size of Container # of Containers # Sharing Ice or Frozen 
Alcohol Code Spt>Cify Type d Alcohol spedly lldume oz OR rri specify number O R range (~ncludinl} p;orlicipMJt) NO YES 
[q1_24a] [q1_24a_s1] [q1_24b] [q1_24c] [q1_24d1] 
--- ~ = --- - -- --
---- - -- --
---- - -- --
--- ---- - -- --
Total duration of drinking (hours) : _ Ja1..:.2Ml1- _Jal.:.W:lmax] OR 
(.,dyn~rOR~~J 
[q~_24d1 max] [q1_24e] lg1_24ema ] 
- -- - ----
6q1_24g)1 
- -- -- - -- - 0 1 -
- -- -- - -- - 0 1 -
- -- -- - -- - 0 1 
Start Time: _ _JqUIDJ End Tlrne: _ -lQUIDJ 
(mlhry~) (mliary~) 
OR Check if unable to compute duration of drinking due to black out or passing out. ~ 0 [q1_24h] 
25. Think about the MOST you had to drink on any one day in the year before you became pregnant. 
What did you drink on that day: 
OR Check if response is same as Question 24: 0 (q 1_24_Same] 
Type of Alcohol Size of Container # of Containers # Sharing loe or Frozen 
AJoohol Code Spt>Cify Typed Alcohol spedly lldume oz OR rri .specify number OR ~ange (lncludinl} p;orlicipMJt) NO YES 
[q1_25a] [q1_ 25a _s1] [q1_2_5b] [q1_25c] [q1_25d1] [Q.:!_25d1 max]] [q1_25e]lq1_25em X) 
--- ~ = --- - -- -- - -- - ---- ~1_25g)1 
- ---- - - -- -- - -- - ---- - 0 1 
---- - - --- -- - -- - -- - 0 1 -
- ---- ---- - -- -- - -- - -- - 0 1 
Total duration of drink.ing (hours) : _ _jg_1_25f1]. _ [q1_25f1max] OR 
(.,dy m.mber OR r."'Jt') 
Start Time: _ _jq1_25f2] End Tlrne: _ _lq1_250] 
(mlhrytm.) (mlilarytime) 
OR Check if unable to compute duration of drinking due to black out or passing out. ~ 0 [q1_25h] 
Instructions for the Clinical Coordinator TLFB 
Please refer to the Recruitment Interview TLFB Interviewer's Guide for interview's script and detailed instructions along 
with the TLFB Calendar in order to complete the next sections. Once completed, make sure to indicate Time Interview 
Ended on page 1 of the Recruitment Interview. 
POST - RECRUITMENT INTERVIEW COMPLETION PROCEDURES 
When the Participant's PASS visit has been completed in its entirety, transcribe the detailed alcohol information from the 
completed TLFB calendar page(s) onto the Recruitment Interview - Items 26 and 27. Place a Participant ID on the pages 
of the TLFB Calendar and keep with the Participant's records. 
Item 26 Complet ion Instructions: 
When transcribing information from the TLFB Calendar to Item 26, record the LMP recall period Start Day, Start Month 
and Start Year in the first row. Continue to list every date in the first column for the entire 30 day LMP recall period. 
Indicate which days were drinking days by circling NO = 0 or YES = 1 and transcribe all Special Occasion Codes from 
the TLFB Calendar. Complete the Last Drinking Day recall period following the same steps. If the LMP and LDD days 
overlap, only transcribe information for non-overlapping days for the LDD recall period. For each Unique Drinking Day, 
assign a two digit number starting with 01 . For all drinking days which the participant drank the same exact amount and 
for the same duration of time, record the same Unique Drinking Day number in the last column. 
Item 27 Complet ion Instructions: 
Complete detailed alcohol information for each Unique Drinking Day number by transcribing all information from the 
TLFB calendar to Item 27. Use as many Additional Sheets as necessary to record all detailed alcohol information. 
Codill!l Key: i = Don't Know = Refused to Answer 
= Does Not Apply 







27. TLFB Summary Sheet - Unique Drinking Days Data Entry Document 
Unique Drinking Day#: ll [Q1_27 1] 
Type of Alcohol Size of Container # of Containers # Sharing Ice or Frozen 
Alcohol Cod~ S{»cify T'/1» of AJcohol tl{»Cify~ oz ORtri ~~r OR rant}* (including !»IDe,._,) NO YES 
[Q1_27a] [Q1_27a_s1] [Q1_27b] [Q1_27c] [Q1_27d1] [Q1_ 27d1max [Q1_27e] [Q1_27en ax] 6Q1 27g] - - 1 --- ---- - -- -- - -- - ---- -
- - - 0 1 ,~--- -- -- - -- - -- - 1- -
- - - 0 1 ,.=- - - -- -- - -- - -- - 1- -
- - 0 1 --- - --- - -- -- - -- - -- - -
Total duration of drinking (hours): ~1_2lf~ _ [q1_27M!f1ax] OR start Time: [q1_27f2] ---- End Time: [Q1_27f3] -- --(:sp«:ly n..,.,_ OR~) (military li'M) (military liM) 
OR Ctt.ck if unable to compute duration of drinking due to black out or passing out.-. 0 (q1_27h 
Unique Drinking Day#: 02 
Type of Alcohol 
Alcohol Cod~ S{»cify T'/1» of AJcohol 
--------------
Size of Container 
oz ORtri 
Total duration of drinking (hours): __ __ - ___ _ 
(:sp«:ly n..,.,_ OR~) 
# of Containers 














OR start Time:__ _ _ End Tine: ____ _ 
(military_, 
OR Check if unable to compute durat ion of drinking due to black out or passing out. -. 0 
Unique Drinking Day#: 03 
Type of Alcohol Size of Container # of Containers #Sharing Joe or Frozen 
Alcohol Cod~ ~ T~ of AJcohol ~~ oz ORtri ~ t'lllfrC« OR ra~ (.,eluding particf>ant) NO YES 
---- - - - - - - - 0 1 1- -- - ---, _ __ - - ,.----'- - - - _ 1--
---- - - - 0 1 -- -- - -- - -- - 1-
- - - 0 1 1- ,=- - - - -- _ - - -- - ---- 1-
--- - - - - 0 1 --- -- -- - -- - ,_ -- -
Total duration of drinking (hours): - - OR Start Time: - - -- End Tine: -- ----- -
(:sp«:ly n..,.,_ OR~) (miliary tm.) (miliary tm.} 
OR Check if unable to compute duration of drinking due to black out or passing out. -. 0 
Unique Drinking Day #: 04 
Type of Alcohol Size of Container # of Containers # Sharing Ice or Frozen 
Alcohol Cod~ s,-:;ty T'/1» of AJcohol tl{»Cify~ oz ORtri tl{»Cify ~r OR rant}* (including !»tDcf»t!t) NO YES 
--- - - - - 0 1 -- -- - -- - -- - 1-
- - - 0 1 -- 1-= - - - _ - - -- =- -- -_ 
- - 0 1 --- - - - ------::_ -- - -- - ---- 1-
--- - - - - 0 1 --- -- -- - -- - -- -
Total duration of drinking (hours): __ . _ - __ . _ OR start Time: -- -- End Time: -- --
(:sp«:lyno.ml>er OR~) (miliary-} (miliary liM} 
OR Ctt.ck if unable to compute duration of drinking due to black out or passing out. -. 0 
AntloiMP<I R~lmentlnt~w .-6.0 2013-Cl-26 
Coding Key: 
~ 
= Don't Know 
• Refused to An5wer 














I 27. TLFB Summary Sheet - Un ique Drinking Days (Additional Sheet) Data Entry Document I 
Un ique Drinking Day #: --
Type of Alcohol Size of Container # of Containers # Sharing Joe or Frozen 
AJcohol CodP Sp.c;fy TYJ» d Alcohol ~1110/ume oz OR trl "Pf'cify TWJmber OR l'ilng• (IIICbiing ~rlicf-11} NO YES 
- - - 0 1 1~-- ~-- - ----- 1~-- - -- - ~~- -- - -
---- - - - 0 1 -- -- - -- - -- - - -
- - 0 1 ---- - -- -- - -- - -- - - -
---- - - - 0 1 --- -- -- - -- - -- -- -
Total duration of drinking (hours): __ . _ - __ . _ OR Start Time: -- -- End Time: -- --
(sp«:ly numbN OR range} (militoty time) (military limtt} 
OR Check if unable to compute duration of drinking due to black out or passing out. ~ 0 
Unique Drinking Day #: --
Type of Alcohol Size of Container # of Containers # Sharing Ice or Frozen 
AJcohol Cod• ~ TYJI" d Alcohol ~1110/u- oz ORtrl :JPI'ci/y TWJtrJb« OR rang• (ll>duQitlg pa~l} NO YES 
---- - - - 0 1 --- -- -- - -- - -- -
- --- - - - 0 1 --- -- -- - -- - -- -
---- - - - 0 1 --- -- -- - -- - -- -
---- - - - 0 1 --- -- -- - -- - -- - -
Total duration of drinking (hours): - - OR Start Time: -- -- End Time: -- ----- -(spdy numbH OR range} (military tiM) (military tiM} 
OR Check if unable to compute duration of drinking due to black out or passing out. ~ 0 
Unique Drinking Day #: --
Type of Alcohol Size of Container # of Containers # Sharing Joe or Frozen 
AJcohol Cod• ~ TYJI" d Alcohol ~1110/u- oz ORtrl :JPI'ci/y TWJmbH OR rang• (ll>duQitlg pa~t} NO YES 
---- - - - 0 1 1 ~-- --- 1~-- - -- - 1~-- -- - -
---- - - - 0 1 -- -- - -- - -- - - -
---- - - . - 0 1 1- -- --- 1- -- - -- - 1- ----- - -
---- - - - 0 1 --- -- -- - -- - -- -
Total duration of drinking (hours): - OR Start Time: -- -- End Time: -- ----- - -
.(.,.c¥y numbH OR tartgl'} (miftary tiM) (military tiM) 
OR Check if unable to compute duration of drinking due to black out or passing out. ~ 0 
Unique Drinking Day #: --
Type of Alcohol Size of Container # of Containers # Sharing Joe or Frozen 
AJcohol Code Sp.c;fy TYJ» d Alcohol ~11\0/ume oz OR trl :JPf>ci/y TWJmber OR range (IIICbiing pa~t} NO YES 
---- - - - 0 1 -- -- - -- - -- - - -
- - 0 1 ---- - -- -- - -- - -- - - -
--- - - - --- - - 0 1 1 ~-- --- 1~-- 1~-- -- - -
---- - - - 0 1 --- -- -- - -- - -- - -
Total duration of drinking (hours): __ . _ - __ . _ OR Start Time: -- -- End Time: -- --
,(sp«:iy numbN OR range) (militoty time) (military time) 
OR Check if unable to compute duration of drinking due to black out or passing out. ~ 0 
CocingKey: 
i=Don't Know = Refused to Answer 
= Does N<t Apply 




Interviewer's Script E 
Now, I am going to ask you about drug use. Because these questions are personal, any information you share with me 
will be kept confidential. Please refer to the calendar. 
I Drug Use 
28. Have you ~ used: NO YES 
a. Marijuana (hashish, pot , grass, weed, dope or dagga) -~~-~·:·?~~~ 0 1 -+ If NO, skip to Question 28.b 
[q1_28a [q1_28a urn] ud] 
1. What is the date you last used: MM!_ I ~D.!_ I _ YYYYl__ _ Unsure of: 0 Month 0 Day 
(month) (day) (yearj 
2. How often did you use in the 30 days before that date: (SHOW CARD A) 
(circle one) 
None during the 30 day period ... . ... . . ..... ... . . . . . . .... .. .. . .. 0 
1 time ......................................................................... 1 
2 to 4 days (approx. once a week)............................. 2 
2 to 3 days a week .. ...... .. ... ...... .... .. .. ..... ..... ......... ..... .. 3 
4 to 6 days a week ..................................................... 4 
7 days a week .... .. .... .. ... .. ... .... .. ...... .. ..... .......... .... ..... .. 5 
(q1_28a2) 
3. In the year before you became pregnant, how often did you use: (SHOW CARD A) 
(circle one) 
None .......................................................................... 0 
Monthly or less........................................................... 1 
2 to 4 days a month (approx. once a week) ....... ....... 2 
2 to 3 days a week..................................................... 3 
4 to 6 days a week..................................................... 4 
7 days a we-ek............................................................ 5 
Have you !:J!!r used: NO YES 
[q1_28a3] 
b. Methamphetamines (crank, uppers, tik , chalk, meth, crystal 0 1 -+ ff NO, skip to Question 28.c 
meth, ice, glass, speed or quick) .................................. .!~~-... ~~.!?) 
[q1_28b [q1_28b urn] ud] 
1. What is the date you last used: MML_ I _Q~ I _YYYY]_ _ unsure of: 0 Month 0 Day 
(month) (day) (year) 
2. How often did you use in the 30 days before that date: (SHOW CARD A) 
(circle one) 
None during the 30 day period ....... ...... .... .... .. .... .... .. . 0 
1 time ......................................................................... 1 
2 to 4 days (approx. once a week)............................. 2 
2 to 3 days a week ..................................................... 3 
4 to 6 days a week ............. ........................... ............. 4 
7 days a week .. .. ........... ......... ... ... .......... ..... .. .. .... .. ... .. 5 
[q1_28b2) 
3. In the year before you became pregnant , how often did you use: (SHOW CARD A) 
(circle one) 
None .......................................................................... 0 
Monthly or less......................... .................................. 1 
2 to 4 days a month (approx. once a week) .............. 2 
2 to 3 days a week..................................................... 3 
4 to 6 days a week..................................................... 4 




<I>; Don't Know 
0 ; Refused to AAswer 





28. Have you fi!!. used (continued) : NO YES 
[Q1_28c) 
c. Hairspray-mixers ..................................................................... 0 1 
[Q1_28d_s1] 
d . O~er#1 ____________ ~~--~~-----------
(plss• :sp@Cfy} 
[Q1_28e_s1] 
e. Other #2 --------:-:-----::-:-------
(piss• sp.cly} 
[Q1_28f_s 1) 
f . Other #3 --------------------:--------------
(p~Hs• sp.cly} 
[Q1 _28g_s1] 









If YES, date last used 
month I day I year 
[Q1_28c MM] / DO] I YYYY] 
--------
Unsure of: D Month D Day 
urn] ud) 
[Q1_28d MM] / DO] I YYYY] 
--------
Unsure of: D Month D Day 
um] ud] 
[Q1_28e MMl t DO] 1 YYYY] 
--------
Unsure of: D Month D Day 
urn) ud] 
[q1_2'!!_MM] f _E~ I- YYYY] _ 
Unsure of: D Month D Day 
um] ud] 
[q1_28g MMJ _p~ I _ YYYY]_ 
Unsure of: D Month D Day 
um) ud] 
Coding Key: 




ADDENDUM B – INFORMED CONSENT DOCUMENT 
Stellenbosch University (SU) 
Informed Consent document 
Title:   Assessment of the validity and reliability of the PASS South African Diet Screener 
Principal Investigators: Janetta Harbron, MSc, RD     
University of Cape Town 
Hein Odendaal, FRCOG, MD 
Department of Obstetrics and Gynaecology 
Coen Groenewald, FCOG(CMSA), MD 
Project manager 
Celeste de Bruyn, RD 
    Masters student, University of Cape Town 
 
Statement of Research 
It is a basic ethical principle that a participant who is to participate in the research must give her informed 
consent to such participation.  This consent must be based on the understanding of the nature and risks of 
the research.  This document provides information important for this understanding.    Research projects 
include only participants who choose to take part.  Please take your time to make your decision.  If at any 
time you have questions, please ask. 
 
What is the purpose of this study? The purpose of this ancillary or sub-study is to assess the reliability 
and validity of the Diet Screener (questionnaire) designed for women enrolled in the Safe Passage Study in 
South Africa. Validation means to confirm that the data collected by the Diet Screener accurately 
represents the type and quantity of food you eat on a regular basis. Reliability refers to the ‘repeatability’ of 
the Screener, the degree to which the same conclusion is reached with multiple tests on the same person 
in the same conditions. 
 
How many people will participate? This study will be done on a sub-set of the participants currently 
enrolled in the Safe Passage Study.  Approximately 150 women enrolled and presenting for their first 
research visit (i.e. recruitment) between 14-20 weeks of pregnancy, will be invited to participate in this sub-
study. Women will be enrolled from the Bishop Lavis Midwife Obstetric Unit. You have been invited to 
participate because you are a Safe Passage study participant. 
 
How long will I be in this study?   Your participation in this sub-study will last for the next four weeks.  In 
this study, the assessments will be done with an interviewer at the clinic. A total of three 24-hour recalls, 
three Diet Screeners and two other forms will be filled in with an interviewer over three visits to the clinic. 
Each visit will last 30-45 minutes. 
 
What will happen during this study? At the time of your 14-20 weeks research visit (i.e. recruitment), you 
will be asked to complete the Diet Screener with the help of an interviewer. The Screener will ask questions 
about your eating habits around the time of conception.  This will take about 20 minutes. The interviewer 
will then complete another food questionnaire which will ask you a standard set of questions on food and 
drinks that you have had in the past 24 hours. This will take approximately 20 minutes. Then we will 
organize with you when you will need to come to the clinic again for the follow-up visits to complete the 
next questionnaires.  During the next 4 weeks, you will need to come to the clinic on 2 separate occasions 
to be interviewed again by a Dietitian. The Dietitian will complete the same two food questionnaires during 
these sessions. To help you with estimating the food portion sizes during these interviews, there will be 
pictures available from the interviewer that you can look at during the interview.  
 
What are the risks of the study?   There are no known risks to participation in this study. At any time 
during the interview, you may refuse to answer any of the questions and you may take a break.  You may 
also stop your participation at any time. Your decision whether or not to participate in this sub-study will 




What are the benefits of this study?   There are no direct benefits to you from participating in this sub-
study.  However, you will be helping us learn more about eating habits of pregnant women in the Tygerberg 
area. 
 
Are there alternatives to participating in this study?   The alternative is not to participate in this study. 
 
Will it cost me anything to be in this study?   There is no cost for you to be in this study. 
 
Will I be paid for participating?   Yes.  You will receive R100 for each completed follow-up interview. The 
money will be given to you at the end of the interviews.  If you complete all three assessments, this would 
total vouchers worth R200. 
 
Will information about me be kept confidential?   The records of this study will be kept private. In any 
report about this study that might be published, you will not be identified.  Several people may look at this 
data including:  the individuals from the National Institutes of Health that are funding the research, the 
Committee for Human Research of Stellenbosch University, the federally appointed Advisory and Safety 
Monitoring Board, the data coordinating center, and researchers that are part of the project.   
 
Any information that is obtained in connection with this study and that can be identified with you will remain 
confidential and will be disclosed only with your permission. Confidentiality will be maintained by assigning 
you a subject identification number.  Copies of all questionnaires will be labeled with this number and not 
your name.  All information with your name and other identifying information (e.g. phone number) will be 
kept secret. 
 
Will I or my doctor be given research results?   It is very important that you understand that the results 
from the interviews will not be given to you or your doctor, even if you ask that this be done.  The results 
from the interviews will not be sent to your hospital.  These assessments will be done for specific research 
purposes and are not designed to or intended to find medical or other problems.  
 
Who do I call if I have questions? If you have any questions now or in the future, you may contact the 
Study Office (021-938-4748), Prof. Hein Odendaal (021-938-9601) or Janetta Harbron (021-406-6310). If 
you have questions or concerns about your rights as a research participant, you can contact the Committee 
for Human Research of the Stellenbosch University (021-938-9207). 
 
Your signature indicates that this research study has been explained to you, your questions have 




________________________________        
Name of the participant       
 
 
 _______________________________    __________  
Signature of Participant      Date 
 
 
I have explained the risks, benefits and the procedures involved with participation in this study. 
 
 
______________________________    __________  




ADDENDUM C – FOOD ITEMS CONSUMED BY STUDY SAMPLE 
 Apples Custard Melon Pumpkin 
Apricot Dairy-fruit juice mix Milk Rooibos tea 
Avocado Doughnut Milk tart Roti 
Baby marrow Dried fruit Mixed vegetables 
Rusk, home-made, 
buttermilk, white (HM) 
Bacon Eggs Muffin Salt, table 
Banana Fish Mushrooms Salt, table, iodised 
Beans Fish paste Mutton Samoosa 
Beef Fruit juice Naartjie Samp and beans, 1:1 
Beetroot Garlic Nectarine, raw Sauce, savoury 
Broccoli Gem squash Nesquik powder Sauce, sweet 
Brown bread Grapes Nuts Sausage 
Brown rice Gravy Oats Soup 
Butter Green beans 
Offal, cooked (tripe / 
brawn / brain / tongue) 
Spinach 
Butternut Guava Oil Split peas 
Cabbage Ham Onion 
Spread (sandwich), pork / 
beef 
Cake High fiber cereal Oranges Strawberry 
Carbonated drink Hot cross bun Parsnip, boiled Sugar 
Carrots Ice cream Pasta Sweet potato 
Cauliflower Icing Pawpaw Sweets 
Cereal Jam Peaches Tart 
Cheese Jam tart Peanut butter Tea 
Chicken Jelly Peanuts, raw Tomato 
Chips Koeksister Pear Tomato paste 
Chocolate Lemon Peas Toppers, cooked 
Chutney, fruit Lemon juice, fresh Peppers Turkey 
Coconut Lentils Pie Vetkoek 
Coffee Lettuce Pineapples Water 
Cold drink Liver Pizza Watermelon 
Cookies Maize meal Plum Wheat flour, cake flour 
Crackers Mango Polony White bread 
Cream Margarine Popcorn White rice 
Creamer (coffee and 
tea)/Non-dairy powder 
Marmite, yeast extract Pork White sauce 
Crisps Mayonnaise Potato Wholewheat bread 
Cucumber Mealie Pudding, trifle Yoghurt 
